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The Water Tube Boiler 




















The modern Water Tube Boiler is a large steam generating unit 
providing immense quantities of steam at high pressure and high temperatures 








as power for the turbo-electric machines in Power Stations. The design and 
construction of a complete Water Tube Boiler installation requires much 
engineering skill to put together the multitude of component parts. Below 
is a portion of our Drawing Office where we build the entire job on paper to 
ensure accurate interlocking of hundreds of different parts, which include 
many actual miles of steel tubes and hundreds of tons of steel in various forms. 
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Typical arrangement of a John Thompson 
‘Radiant Heat’ Water Tube Boiler, as used in 
Power Stations and Industrial Installations 








JOHN THOMPSON WATER TUBE BOILERS LTD. 
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NUCLEAR POWER 
AND COAL 


SCHOOL has been established at Harwell 
A by the United Kingdom Atomic Energy 
Authority (as reported on page 452) to 
provide training for the staffs of industrial 
concerns in the methods by which the heat 
produced in atomic piles can be converted 
into power. In opening the school on 
September 27, Sir John Cockcroft mentioned 
that the first two nuclear power reactors of 
the Atomic Energy Authority, now being 
erected at the Calder Hall station in Cumber- 
land, would provide the first practical operat- 
ing experience in supplying large amounts 
of electrical power to the grid and would also 
“force the development of the essential 
technologies ”’ and pave the way for improved 
power stations to be designed by industry and 
operated by the British Electricity Authority. 
He envisaged a development period of eight 
years, during which the first two reactors 
would have operated for five or six years 
and some of the improved stations would 
have been designed and built. “‘ We should 
then,” he concluded, “‘ be in a position to 
build nuclear power units of a scale adequate 
to do the job of 20 million tons of coal in a 
year.” He thought this could easily be 
achieved between 1965 and 1970. 


If this statement is accepted, it is possible 
to judge what the effect of atomic power 
on the fuel situation in this country will be 
for the next two decades, or so. Until data 
on the capital and operating costs of the 
nuclear equipment are available, however, 
it will not be possible to estimate its effect 
on the cost of producing electricity. Mr. S. 
N. Clift, in his presidential address to the 
Manchester Association of Engineers on 
October 1, pointed out that even if it were 
possible to obtain the nuclear equipment for 
nothing, the cost per unit of electrical energy 
could be reduced by only 30 per cent. 

What the eventual effect of nuclear energy 
on the world’s fuel and power problem 
will be is problematical, but Mr. Clift 
considers the opinions sometimes expressed 
that coal and oil are on the verge of obsoles- 
cence on account of its imminence are at 
least premature. He advocated further atten- 
tion to known and tried methods of fuel 
economy. The present annual consumption 
of coal in this country for electricity genera- 
tion amounts to 40 million tons and the 
figure is expected to rise by 26 million tons 
in the next 20 years; he stated that all coal 
users could be made to save more than 
enough to provide the quantity needed. 

The replacement of obsolete boiler plant, 
and other potential savings in industry, 
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including the better use of energy, he sug- 
gested, might effect an annual saving of the 
order of 20 million tons. Other suggested 
methods of effecting material savings in 
fuel are district heating (the Pimloco scheme 
is said to save 330,000 tons of coal a year) 
and improving the thermal efficiency of 
steam locomotives, which consume 13 million 
tons annually, by compounding and feed- 
heating. Past experience with compounding 
and feed-heating applied to locomotives has 
not been encouraging, though it is possible 
that a fresh examination of these refinements 
might now be justified. 


If the replacement of conventional fuels 
by atomic power be accepted as an ultimate 
achievement of the new era, Mr. Clift 
pointed out, many decades must elapse 
before a major change-over could be accom- 
plished and other ways and means of dealing 
with the situation in the intervening years 
must be considered. One aspect, he said, is 
fuel conservation; others are the speeding up 
of hydro-electric schemes and the exploitation 
of other potential fuels, such as peat and 
natural gas. Mr. Clift made it clear that 
he did not intend to suggest that atomic 
energy may not be a main source of power 
in the far distant future, but he was actuated 
only by “the apparent lack of urgency in 
adopting means to secure economies now in 
the use of the resources we have in no small 
measure.” 

His view is widely shared. At the recent 
course on “ Fuel Efficiency as an Aid to 
Production,” organised by the National 
Industrial Fuel Efficiency Service, Dr. N. 
Kurti said that even if electric power is 
wholly or mainly derived from atomic power 
in 50 years’ time, electricity represents only 
about one-fifth of our total energy consump- 
tion. Air Chief Marshal Sir Leslie Holling- 
hurst, speaking as chairman of the N.I.F.E.S. 
at the same refresher course, said that 
industry was wasting each year the output 
of 30,000 miners. By better methods of fuel 
utilisation, at least nine million tons of coal 
a year could be saved. 


If there is an element of contradiction 
between these views and Sir John Cockcroft’s 
hopes it is more apparent than real. It is 
altogether right for the Director of the 
Atomic Energy Research Establishment to 
sound an optimistic note. Great advances 
are only made by vigorous leadership. But 
atomic energy is not of immediate concern to 
users of fuel and power generally. What 
does concern them is economy that can be 
revealed in company balance sheets. Sir 
Leslie Hollinghurst’s national service can 
help firms to achieve this kind of economy, 
unless there are obstacles, as yet unrecognised, 
Is there any shortage of equipment, of trained 
men, or of capital? 
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Weekly Survey 


SUMMER BOOM 


It has been a good summer for the engineering 
industry. Provisional figures for industrial pro- 
duction for August show that the official index 
at between 112 and 113 (with 1948 as the base 
year) was slightly lower than the July figure of 
116, but notably higher than the August, 1953, 
figure of 106. The decline compared with July 
was entirely due to the holiday season and it will 
be found when the final figures are available 
that the engineering industry has played a leading 
part in the sustained buoyancy of the index over 
the summer months. The quarterly analysis of 
bank advances issued by the British Bankers’ 
Association for the three months ended mid- 
August showed that the banks were advancing 
increasing sums to the engineering industry over 
that period, which is a further indication of the 
industry’s prosperity. 

The outlook continues to be good. There is a 
possibility of intensified competition, particu- 
larly as certain American industries may seek 
increased turnover in export markets owing to 
the slow rate of recovery of the United States 
economy. But it is noticeable that such indica- 
tions as there are of the trend of British export 
prices suggest that these are rising slightly. If 
competition were severe it is almost certain that 
a slight decline would be perceptible. Such a 
decline could, of course, set in during the autumn 
but it is probable that pressure on profit margins 
will come from the side of costs rather than from 
the side of demand. Raw material prices are 
rising and the unions’ demand for a change in 
the wage structure is almost certain to bring 
with it an increase in wage rates if the unions have 
their way. These adverse factors, however, do 
not add up at the moment to an ominous situa- 
tion and insofar as economic barometers indicate 
the future they indicate “* fair.” 
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ELECTRICITY PLANT 


The rise in the British Electricity Authority’s net 
surplus for the financial year 1953-54—it has 
increased from £7-3 millions to £13-2 millions 
in the year—underlines again the problem of 
depreciation policy and its relation to prices 
charged for electricity. It was thought for a 
long time that the industry could not go on 
spending vast sums on expansion of capacity 
without a formidable increase in its prices. 
Thus, B.E.A. have now spent about £846 mil- 
lions and will invest half as much again before 
1960. The installed capacity (maximum con- 
tinuous rating) was 9,365 MW in 1938, and had 
risen to 19,232 MW by the end of March last 
(when the financial year ended). This large 
investment and expansion of capacity to date, 
the latter amounting to about 205 per cent. of 
the 1938 level, has been accompanied by a rise 
in prices over the same period of only 30 per 
cent. 

B.E.A. has been able to keep its prices down 
and build up a financial surplus, which has now 
accumulated to £41-5 millions, by depreciating 
its assets at historical instead of at replacement 
cost. Very soon now, however, equipment 
installed since the war at post-war prices will 
begin seriously to swell the annual depreciation 
charges, and since the price of capital equipment 
has not increased substantially of recent years, 
historical cost is now beginning to increase 
towards the level of replacement costs. These 

’ higher charges and the cost of the interest on the 
large loans which the authority is raising in the 


London capital market are bound to put a heavy 
burden on its annual income. Some of it will 
doubtless be borne by a reduction in costs owing 
to higher efficiency in operations. But the recent 
impressive surpluses, and the authority’s tariffs 
too, are not immune from pressure which could 
pull the former down and send the latter up. 
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OIL EQUIPMENT 


In the first half of this year orders for oil equip- 
ment, according to the Council of British Manu- 
facturers of Petroleum Equipment, were £39 
millions. This may be compared with £67 
millions for 1953 asa whole. There is some pros- 
pect therefore that 1954 will be a better year than 
1953. Over the same six months of this year 
exports of well-drilling machinery were up by 
5 per cent. at £1-4 millions and exports of oil- 
refining machinery were up no less than 65 per 
cent. at £1-8 millions. To judge, therefore, from 
the export figures, demand for oil-refining 
equipment is still buoyant although the refinery 
building programme in many parts of the world 
is completed for the time being. 

Prospects on the whole are good for oil equip- 
ment manufacturers. At the moment there is at 
least sufficient oil-refining capacity in Europe 
and the Middle East for immediate requirements, 
and it is estimated that there is un-used refinery 
capacity of about a million barrels a day and 
excess crude production capacity of about 1} 
million barrels a day in the United States. 
Although it is impossible to say that the outlook 
for the oil industry is so buoyant that all branches 
of the oil equipment industry are bound to be 
kept busy for an indefinite period, nevertheless, 
despite a slight excess of capacity, the overall 
picture is one of stability at a high level. The 
outlook for the oil-equipment industry on the 
drilling and exploration side is dominated by the 
United States. In any one year the United 
States drills about 90 per cent. of the new oil- 
wells in the world, and whereas its proportion 
of proved wells may not be as high as this, it is 
still sufficiently high to dominate the demand for 
steel casings and boring machinery. Since it is 
expected that the United States will maintain a 
programme of drilling as high as 50,000 wells a 
year for a number of years, the outlook on the 
side of extraction of crude oil is good and stable. 
It is also to be borne in mind that part of the oil 
equipment industry must benefit from an expan- 
sion in the natural-gas industry. 

The position of the United States oil-refining 
industry is rather less dominant than in the case 
of the extraction of crude oil, but the fact that 
the American refining industry is expected to 
continue to spend large sums on capital equip- 
ment gives grounds for thinking that the outlook 
even on the refining side is hopeful. It will be 
recalled that in the recent recession the American 
petroleum industry was one of only two industries 
which did not cut back their capital expenditure. 
It is true that U.S. refineries are now directing 
more investment into modernisation than to net 
expansion of capacity, but such expansion as 
there is, along with the possibility that they will 
be spending large sums in improving pipe-line 
facilities and on long-term programmes of 
research, suggests that there is no strong likeli- 
hood of a contraction in the demand for oil 
equipment in the foreseeable future. 


@ & @ 
MOTOR INDUSTRY EXPANSION 


Announcements by Vauxhall Motors and the 
Ford Motor Company that they had plans for 
substantial expansion of output were followed last 
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week by a statement from Sir Leonard Lord on 
behalf of the British Motor Corporation. B.M.°, 
are not to be outdone by their American-own:d 
rivals: Sir Leonard said ‘‘ We are committed .o 
an expenditure of over £9 millions and propcse 
to spend more ”’ and announced that extensio 1s 
were being made to the Cowley factory of Moris 
Motors Limited and to the factory of Fisher ai d 
Ludlow, and that some were planned at Lon:- 
bridge. B.M.C. are also expanding their plan‘s 
in Australia, New Zealand and South Africa, 

This expansion of manufacturing facilities 
cannot yet be measured in terms of output 
capacity—Ford, for example, have not yet 
announced the amount they propose to invest in 
extensions. The general picture that emerges, 
however, is of three very large groups, including 
more and more component manufacturers, and 
together accounting for 80 per cent. or more of 
the total output of cars and commercial vehicles, 
Sir Leonard Lord suggested that General Motors 
Corporation and the Ford Motor Company were 
using their United Kingdom subsidiaries as a 
** springboard for the Commonwealth markets.” 
The present exports boom has largely been 
accounted for by a large increase in sales to 
Australia, New Zealand and Sweden. Any 
currency difficulties in these countries—some are 
emerging in Australia (see note on Australian 
Import Restrictions)—could sharply reduce their 
imports of cars and commercial vehicles. 

The basis for the expansion of the industry is 
likely to be the cheap popular car which will be 
practical for the higher-paid wage earners in this 
country. Ford have led the way, and the success 
of their ‘“‘ Popular” shows that the policy is 
broadly correct even if it has not gone far 
enough. Cheaper cars, lighter cars (where this 
does not push up the first cost too much), and 
cars that will provide cheaper family transport 
than the railways, will probably be the feature of 
developments during the next five years. 


x *k * 


AUSTRALIAN IMPORT 
RESTRICTIONS 


The tightening of import controls by the Aus- 
tralian Government has come as no surprise. 
The growing difficulties with the balance of pay- 
ments were discussed in two recent articles in 
ENGINEERING (July 30 and August 8). Aus- 
tralian export receipts from wheat and certain 
other foodstuffs have fallen considerably, and 
although wool prices have not so far been far 
below the average for last year, the income from 
this source is also likely to fall somewhat. 
Imports, on the other hand, have been rising 
and in the current financial year seem likely to 
exceed £A750 millions as compared with £A683 
millions last year. The main increase has 
occurred in the so-called ““A” category of 
imports, which since April last have been ad- 
mitted without any quota restriction. The 
removal of restrictions has apparently encouraged 
Australian importers to build up stocks and to 
purchase greatly in excess of their normal require- 
ments. The goods concerned are in large part 
capital goods, including many types of heavy 
equipment, machine tools, internal-combustion 
engines, sewing machines, ball bearings, etc. 
Motor cars are included if they are unas- 
sembled, and since the bulk of British exports of 
motor vehicles to Australia are unassembled, 
the British motor-vehicle industry may be ex- 
pected to suffer a set-back in their most important 
market. Fortunately, this should not be too 
drastic since, like other products in category 
** A,” the quota for imports of unassembled cars 
has been fixed at 100 per cent. of the quantity 
imported in the base year ended March 31, 1951, 
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which was a'‘record ‘year for British exports of 
cars to Australia. They will in any case be higher 
than in the period immediately preceding April, 
1953, when they were restricted to 90 per cent. 
of the quantity imported in the year ended 
March, 1951. The fact that the Australian 
industry assembling motor vehicles imported as 
completely “‘ knocked-down ” is a large one in 
itself should make for stability in the British 
export trade. Mr. J. R. Murray, secretary of 
the Australian Federal Chamber of Automotive 
Industries (who, incidentally, has denied that 
there has been any overbuying by the trade) 
has said that he has no doubt that the 
Australian Government will make sure that the 
leading vehicle manufacturing companies depend- 
ing upon ‘“‘c.k.d.” supplies will be provided with 
sufficient exchange to keep their factories in full 
operation. 

No indication has been given of the savings 
to be expected under the new restrictions. They 
will no doubt be substantial, since some authori- 
ties believe that in many cases imports under 
category ‘““B” have been running at double the 
level of 1953. Nevertheless, the measures are on 
the whole fairly moderate, and, according to a 
Government spokesman, have been instituted in 
the hope that the present timely action will avoid 
the necessity for more drastic action later. 
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INDUSTRY FOR NORTHERN 
IRELAND 


One of the most forcible arguments put forward 
by the advocates of a united Ireland at the time 
of the partition was that Ulster was too small 
a unit to be economically viable. The experience 
of more than three decades has easily refuted 
this argument. Northern Ireland, with a popula- 
tion of under 1-4 millions, had a total trade of 
£496 millions in 1953 (exports were £237 millions 
and imports £259 millions). This is nearly five 
times as much in value, and probably about 
60 per cent. more in volume, than in 1938. 

Despite the large and growing national income, 
however, there are some difficult economic pro- 
blems. About 28,000 persons, some 6 per cent. 
of the total number of insured employees, are at 
present unemployed. In Scotland, where unem- 
ployment is higher than elsewhere in Great 
Britain, on the other hand, the proportion is 
2:4 per cent. The number employed in farming 
in Northern Ireland has been declining signifi- 
cantly with the progress of mechanisation. 
Between June, 1950, and June, 1953, the industry, 
which now employs about 20,000 people, lost 
nearly 5,000 workers, and unemployment is a 
serious problem particularly in the winter months, 
when up to 6,600 farm workers may be unem- 
ployed. All is far from well in some of the 
other staple Northern Irish industries. In the 
depression of 1952, 22,000 people were unem- 
ployed in the linen industry which normally 
employs about 50,000, and even at present, when 
the industry is highly prosperous, nearly 2,400 
people are unemployed. Fortunately, unem- 
ployment is relatively low in shipbuilding, but 
shipbuilders’ order books are far from full at 
present. 

The solution lies obviously in establishing new 
industries in Northern Ireland, and Government 
policy directed to this end has already had a 
high degree of success. The British Thomson- 
Houston Company, the Hughes Tool Company 
of Texas, the Dunlop Cotton Mills, and the 
English Sewing Cotton Company are all prepar- 
ing to start production in Northern Ireland, and 
Pye Limited are about to double their labour 
force at their factory at Larne. Altogether 236 
industrial enterprises have been started with 





Government assistance since 1936, and 23 new 
factories have been built by the Ministry of 
Commerce since the war. Apart from grants to 
new industries, the Government is paying out 
large sums under the Re-equipment of Industry 
Act to established undertakings, and assistance is 
given to both new and established industries 
towards the cost of coal, gas and electricity. 
Since the quality of labour in Northern Ireland 
is high, it will be surprising if British and foreign 
manufacturers fail to take advantage of all the 
facilities which Northern Ireland has to offer. 
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MILITARY VEHICLES 


It was a wise move on the part of the Society of 
Motor Manufacturers and Traders, the Ministry 
of Supply, and the Fighting Vehicles Research 
and Development Establishment to stage a 
demonstration of British-built military vehicles, 
as described elsewhere in this issue. Representa- 
tives of many overseas countries were invited to 
attend, and if their presence leads to the placing 
of orders for vehicles, the British Army as well 
as the vehicle manufacturers will benefit. An 
increase in the total demand for any type of 
vehicle will enable the manufacturer to cut 
down the unit cost, or, alternatively, to improve 
development of the design. The British Army’s 
peace-time requirements for new vehicles cannot 
be sufficient to provide manufacturers with 
long production runs, particularly in the case 
of specialised vehicles. 

The wide range of vehicles available—many 
of them equally suitable for civilian use (some, 
indeed, were originally designed for civilian use) 
—will attract overseas buyers, but unfortunately 
the same wide range reveals the disquieting fact 
that the British Army is little nearer, if at all, 
the ideal of standardisation. The administrative 
and supply “ tail’? of the Army has become 
more and more of a hindrance as mechanisation 
has increased. With the advent of atom bombs 
the elimination of all unnecessary transport has 
increased in importance. When the “B” 
series of standard engines was introduced shortly 
after the war, in four-, six-, and eight-cylinder 
versions, the prospects of standardisation seemed 
to be bright, but the vehicles shown at the demon- 
stration employ a variety of makes and sizes. 
The Army in the field must attempt to carry 
spares for all these types, but inevitably in war 
certain spares are not available when they are 
wanted. Perhaps the ideal is unattainable. 
The Army is not the motor industry’s main 
customer in peace-time and it must therefore 
take the best it can afford. 
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PRINTING WITHOUT TYPE 


Since Gutenberg invented movable type 500 
years ago, printing and its associated processes 
have evolved in directions largely determined 
by that great initial contribution. In recent 
years, however, the advent of photography has 
made possible the development of new processes, 
in which separate metallic characters, raised in 
relief above the surrounding surfaces, play no 
part; and their effect on the practice and 
technology of printing may be considerable if 
not revolutionary. These processes, the most 
important of which are known as offset-photo- 
lithography and photogravure, do not depend 
on the type-forms familiar in letterpress printing, 
but employ, instead, plates or cylinders to which 
reading matter is transferred by means of trans- 
parencies or proofs. The transparencies are 
themselves prepared by a technique called 
“‘ filmsetting,” and a description of the various 
methods appears in an article in this issue. 
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Filmsetting, or the photographic composition 
of reading matter, is as yet in an early stage of 
development, but the advantages which are 
claimed for it are impressive. Not only “is 
filmsetting more rapidly performed than type- 
setting, but the machinery involved is lighter 
and occupies a smaller space. Type metal itself 
is bulky and heavy and the problem of storing 
it is considerable; it also represents a large 
investment of capital. It has been stated that 
the Oxford University Press maintains on its 
premises a total of 1,100 tons of type metal and 
the cost of each ton is in the region of £160. 

The introduction of filmsetting offers a means 
of surmounting many of these difficulties ; stocks 
of type metal are no longer required and 
the storage of matter is immensely simplified by 
the use of transparencies. New techniques, 
however, create new problems and the applica- 
tion of photographic film to printing has, for 
example, made correction a more complex 
process. Justification, the traditional practice 
of spacing words so that the lines are equal in 
length, is not essential (though desirable) with 
filmsetting and, as with other processes, is 
somewhat difficult to achieve. 

Nevertheless, there is already at least one 
commercial filmsetting process in operation and 
others are approaching that stage. It is unlikely 
that they will for many years replace the existing 
type processes, but their progress will be watched 
with interest. 
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SPECIALIST PERIODICALS 


A note elsewhere in this issue of ENGINEERING 
announces the first issues of three new journals. 
We wish the editors and publishers success. 
The multiplication of specialist journals is 
frequently deplored; rightly so, because although 
such journals are useful means of communica- 
tion between specialists in their respective fields, 
they tend to encourage intellectual ‘“ closed 
shops.” The number of periodicals taken by 
many engineering firms runs into hundreds, all 
of which have to be scanned, marked and 
abstracted according to the firms’ needs. Un- 
fortunately, much of the information is repeated 
over and over again, with slight variations which 
add to the difficulty of ensuring that nothing of 
value is missed. The advertiser, too, is perplexed 
because it is practically impossible to gauge 
accurately the relative worth of each medium. 

The collective opinion of subscribers and 
advertisers eventually gives a verdict of Wanted 
or Not Wanted on every new journal published 
by a commercial publishing house. (The case is 
not so clear-cut for journals published by 
institutions.) It can therefore be argued that 
the ordinary working of commercial factors will 
quickly distinguish between those for which 
there is a requirement that can be met economic- 
ally and those for which there is not. The 
position is not quite so simple, however. A 
firm or an individual who specialises in one 
branch of engineering will subscribe as a matter 
of course to a journal which deals with that 
branch, but its value to him is doubtful because 
it is a fact that a new development is often 
already known to engineers in the same branch 
of engineering before details are published. The 
impact of an article describing some new 
machine or technique is therefore usually greatest 
on engineers in allied or only distantly con- 
nected branches. This fact has been demon- 
strated many times in the offices of ENGINEERING 
by the letters of inquiry we receive arising out 
of articles we have published. Engineering 
progresses more by cross-fertilisation than by 
in-breeding. 





FUELS AND SMOKE 


Economy and Cleanliness 


The proceedings at the 2ist annual conference 
of the Smoke Abatement Society, which was held 
at Scarborough from Wednesday, September 22, 
to Friday, September 24, illustrated the many- 
sided nature of a problem which can hardly be 
exaggerated either from the economic or the 
health points of view. 

In the course of an inaugural address the 
President (Sir Ernest Smith) said that although 
we were at the beginning of a revolution in the 
way we obtained and used energy we had no 
choice in the immediate future but to rely 
mainly on coal, which was becoming scarcer, 
more difficult to mine and less satisfactory in 
quality. Coal must, therefore, be used as care- 
fully and as sparingly as possible, and that this 
was recognised might be illustrated by referring 
to the economies that had been affected in 
recent years in three of the major consuming 
industries. In the electricity supply industry 
over 27 million tons had been saved between 
1925 and 1952 by improving the efficiency. 
The gas industry had also shown considerable 
advances by saving 3-2 million tons during the 
same period. The coal consumption in the 
iron and steel industry was 26-9 million tons 
in 1952, but would have been 43-7 million tons 
had the efficiency remained at the same level 
as it was in 1927. 


MEASURING “SMOG” 


Continuing, Sir Ernest said that our knowledge 
of how “ smog” built up and moved about had 
been handicapped owing to the fact that few 
measurements of the pollution caused had been 
taken at the critical time. The authorities 


were now, however, considering enlisting the 
co-operation of the Civil Defence organisation, 
and the Fuel Research Station was ready to 
collaborate in trials aimed at the large-scale 
dissipation of smog by spraying it with dilute 


chemicals. The pollution caused by both petrol 
and Diesel vehicles was most offensive, and he 
believed the time would come when owners 
would have to have their engines checked 
regularly and tuned to give the best results. 
Reviewing current events, Sir Hugh Beaver, 
chairman of the Government committee on 
air pollution, said that that body had virtually 
completed its report. Nothing that its members 
had heard or seen during the past year had 
shaken their conviction in the truth of the 
statements in the interim report; and they were 
satisfied that no figures that had been given had 
overstated the annual cost of pollution. The only 
question was the best practical steps to improve 
the position. Public opinion had not yet 
forced effective action and this was a matter in 
which the Society could play a leading part. 


RAILWAY LOCOMOTIVES 


A paper on “ Developments Promoting 
Smokelessness in Railway Locomotion” was 
presented by Mr. R. F. Harvey, who said that the 
British Transport Commission were keenly alive 
to the problem of air pollution. He described 
how the railway staffs were trained to use coal 
efficiently and keep down smoke. The system 
of pre-steaming used in America—whereby 
steam was supplied to cold locomotives from a 
stationary boiler so that they were already hot 
when the fire was lighted—was to be tried out 
at one motive power depot in this country. 

“ Developments in the Industrial Uses of 
Gas and Electricity’”’ were described by Mr. 
R. F. Hayman and Mr. J. I. Bernard. The 


former said that 56,000 factories now using 
gas accounted for 25 per cent. of the total gas 
production. The breadmaking load in the 
North Thames area had increased from 65,000 
to 7 million therms per annum since 1945, while 
in the Potteries the 23 million therms of gas 
consumed in 1952 had enabled the amount of 
raw coal used to be reduced from 336,000 tons 
to 280,000 tons. 


Mr. Bernard said that industry was responsible 
for 50 per cent. of the electricity consumption 
in 1952-53 and stressed the importance of the 
“* push-button” controls that had been developed, 
thus giving speed and accuracy. He also 
emphasised the need for good lighting and said 
that electricity for heating was only second in 
importance to power, owing to the ease with 
which it could be controlled. 


The technical proceedings concluded with the 
fifth Des Voeux Memorial Lecture, by Sir 
Edward Salisbury, who took “Air Pollution 
and Plant Life” as his subject. He explained 
that air pollution injured plant life by covering 
the leaves with dust and oily films, thus choking 
the breathing pores and cutting off the light 
needed for growth. Recent investigations at 
Kew had shown that smoke deposits on the 
glass of greenhouses might cut off 40 per cent. 
of the available light—in addition to the light 
lost in the atmosphere itself. 


Some polluting gases, though not lethal, had 
adverse effects on plant growth, while among the 
poisonous gases sulphur dioxide was the most 
important, both by reason of its high toxicity 
and its concentration in smoky air. Not only 
did it injure plants directly, but it increased the 
acidity and reduced the fertility of the soil. 
Injury to crops caused by pollution might extend 
to from 40 to 90 miles from the zone where 
smokiness or visible injury was manifest. 


x k * 


UNITED KINGDOM 
ATOMIC ENERGY 
AUTHORITY 


Reactor School at Harwell 


As a step towards encouraging industry to play 
a greater part in the development of atomic 
power, the United Kingdom Atomic Energy 
Authority is opening a reactor school at Harwell. 
This will provide a three-months’ course of train- 
ing for staff from industrial concerns to learn 
the techniques by which heat from atomic piles 
can be converted into useful power. 

Three courses, each of three months’ duration, 
will be held annually; the first began on Septem- 
ber 27 and the other two will commence in 
January and May of each year, respectively. 
The syllabus includes lectures and individual 
instruction in nuclear physics, reactor physics, 
metallurgy and reactor engineering. About 
25 students can be accommodated at the school 
at present. 

It is expected that all students will be physics 
or engineering graduates or will have had con- 
siderable theoretical and practical experience in 
at least one branch of science or engineering. 
Mathematics up to the subsidiary-degree standard 
is necessary, particularly for the reactor physics 
lectures. 

The fee for the course is £250 and applications 
for places in the school should be made to the 
manager, Reactor School, A.E.R.E., Harwell, 
Berkshire, and should give sufficient information 
to enable the management board to assess whether 
a student has the required academic standard 
for entry into the school. The course fee does 
not include hotel accommodation but the school 
authorities are prepared to book places for 
students in hostels, hotels, or guest-house. 
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CONTRACTS 


Steel-Cored Aluminium Conductor. THE ALUMINIU 
WIRE AND CABLE Co. Ltp., 30 Charles II-street 
St. James’s-square, London, S.W.1, are supplying 
1,600 miles of steel-cored aluminium conductor fo 
the first stage of an extensive rural electrificatior 
scheme in Burma. This conductor will be erected 
by CROMPTON ENGINEERING Co. (MADRAS) LTp. 
on the Pegu-Myingyan and Pegu-Allanmyo sections 
of a new 33-kV grid system which will be fed by 
Diesel power stations. 

Hydro-Electric Plant. The turbine of a new hydro- 
electric generating plant to be installed at Milford 
Sound, New Zealand, is being built by GILBERT 
GILKES AND GORDON Ltp., Kendal, Westmorland. 
It comprises a 635-b.h.p. Pelton wheel to run at 
750 r.p.m., under a net head of 725 ft. Other 
orders include a 750-b.h.p. Francis turbine for Nyeri, 
Kenya, a 320-h.p. Francis turbine for Nelspruit, 
South Africa, and a 600-b.h.p. Francis turbine for 
a municipality in the Province of Quebec. 

Switchgear and Transformers. A contract for the 
manufacture, supply, erection and maintenance of 
6:3-kV metal-clad switchgear, at Temple Mills 
wagon shops and marshalling yard, Eastern 
Region, British Railways, has been obtained by the 
British THOMSON-HousToN Co. Ltp., Crown 
House, Aldwych, London, W.C.2. Two 500-kVA 
and two 1,000-kVA transformers for the Temple 
Mills shops and yard are to be supplied by the 
METROPOLITAN-VICKERS ELECTRICAL Co. LTp., 
Trafford Park, Manchester, 17. 

Tractors, Loaders and Diggers. | MAsseyY-HARRIS- 
FERGUSON, Coventry, announce that a consignment 
of 16 Ferguson tractors and 96 implements has 
left Coventry, en route for United States Army 
units in France. Among the implements are 
hydraulically-operated high-lift loaders with bucket 
attachment, post-hole diggers, blade terracers for 
grading roads and levelling sites, tillers and mowing 
machines. The equipment will be used for camp 
maintenance work and for clearing woods around 
military airfields, fencing munition dumps and 
other purposes. 

Diesel Train Units. British Railways have ordered 
43 sets of Diesel power-car equipment and 21 sets 
of trailer-car equipment from British UNITED 
TRACTION Ltp., Leyland, Lancashire. Each set 
of power-car units consists of control gear and two 
150-h.p. horizontal Diesel engines mounted nose 
to nose under the centre of the car, each engine 
driving an axle through a four-speed air-operated 
self-changing gearbox. The trailer-car equipment 
comprises similar control gear so that, when one 
or more power cars and trailer cars are coupled 
together, the train can be driven from either end. 

Fire Engines. This year VAUXHALL Motors L1p., 
Luton, Bedfordshire, are to supply to the Home 
Office 1,000 four-wheel drive fire-appliance vehicles 
for civil defence use. The bodies and the fire- 
fighting equipment will be provided, to Home- 
Office specifications, by a number of different 
manufacturers. Deliveries of the vehicles began 
recently and will be completed by next January. 


Omnibus Chassis. An order for 100 of their Royal 
Tiger Worldmaster under-floor-engined omnibus 
chassis has been received by LEYLAND Motors 
Ltp., Leyland, Lancashire, from the Bombay 
Electric Supply and Transport Undertaking, a 
department of Bombay municipality. The new 
Worldmaster chassis is for single-deck omnibuses 
and is fitted with a 150-h.p. Diesel engine, the 
pneumo-cyclic semi-automatic gearbox, dust- 
proofing and air-filtration for the major units, and 
an improved system of air brakes. The value of 
the order is £250,000. 

Straightening Presses. Four large straightening 
presses, valued at over £400,000, have been ordered 
from THE HEAD WRIGHTSON MACHINE Co. LTD., 
Middlesbrough, by Dorman, Long & Co. Ltd. 
The presses will be installed in the combined 
universal beam and heavy-section rolling mill 
building which is to be erected at the Lackenby 
Works. They will be used for the straightening 
of the very heavy universal beams to be produced 
in the mill. Each machine will weigh over 300 tons. 

Gear-Hobbing Machines. Davin BROWN MACHINE 
Too.s Ltp., Manchester, have received an order 
from Simca, the French motor-car manufacturers 
for a “ Hydraz ” production gear-hobbing machine, 
a new high-speed fully automatic machine designed 
primarily for the rapid production of motor-car 
and commercial-vehicles gears. Simca have also 
taken an option on two more of these machines, 
which weigh nearly 10 tons each. Several lead- 
ing British motor-vehicle manufacturers have also 
placed orders for this machine and the total value 
of orders, so far received, is approximately 
£300,000 
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PERSONAL 


Sm GeorcE E. Baltey, C.B.E., the chairman and 
Sm Fewix J. C. Pore, the deputy chairman, have 
resigned from the board of directors of the Metro- 
politan-Vickers Electrical Co. Ltd., Trafford Park, 
Manchester 17, as from September 28. The Rr. 
Hon. THE VISCOUNT CHANDOS (formerly Mr. Oliver 
Lyttelton), P.C., D.S.O., M.C., has been elected a 
director and chairman of the board. 

The board of Associated Electrical Industries Ltd. 
announce that the following appointments will take 
effect from October 11: Dr. I. R. Cox, D.S.O. 
(managing director of the Méetropolitan-Vickers 
Electrical Co. Ltd.) will become group managing 
director of the A.E.I. Ltd. Overseas Group; Dr. 
C. DaANNaTT, O.B.E., M.C. (deputy managing direc- 
tor of the Metropolitan-Vickers Co.) will become 
group managing director of the Méetropolitan- 
Vickers group of companies; Mr. E. H. BALL 
(managing director of the British Thomson-Houston 
Co. Ltd.) will become group managing director of the 
British Thomson-Houston group of companies. 
Mr. A. N. E. McHarrie (financial controller A.E.I.) 
will become group managing director of the Ediswan- 
Hotpoint group of companies. Mr. G. A. CHEET- 
HAM will become a director of the Metropolitan- 
Vickers Co.; Mr. D. Q. HOLLAND (assistant to the 
comptroller, A.E.I. Ltd.) will become chief accountant 
of A.E.I. Ltd. Dr. Cox and Mr. Ball are already 
directors of A.E.I. Ltd., Dr. Dannatt and Mr. 
McHaffie joined the board of A.E.I. Ltd. on 
October 1. ; 


Mr. P. L. Jones, a director of Swan, Hunter, and 
Wigham Richardson Ltd., Wallsend-on-Tyne, Presi- 
dent-elect of the North-East Coast Institution of 
Engineers and Shipbuilders, will be installed into 
the Chair on October 15, at the opening of the 
Institution’s 71st session, by the retiring President, 
Lieut-CoL. T. E. SmirH, managing director of 
Smith’s Dock Co. Ltd., Middlesbrough. 


Mr. L. M. BroaDway took over the position of 
managing director of C. C. Wakefield & Co. Ltd., 
46 Grosvenor-street, London, W.1, from Mr. 
ALANZO LimB on October 1. Mr. Limb is relin- 
quishing this office owing to ill-health but will 
continue as a director. Mr. W. F. List is assistant 
managing director. 

Mr. R. R. Wuyte, M.B.E., B.Sc.(Eng.)(Lond.), 
has now assumed control of the Germiston Works, 
Glasgow, of the Metropolitan-Vickers Electrical Co. 
Ltd., Trafford Park, Manchester 17. This is in 
addition to his present responsibilities as super- 
intendent, small-turbine department at Trafford Park. 
The Germiston Works manufacture steam-turbine 
condensers and associated auxiliaries. 

Dr. J. A. J. BENNETT, D.I.C., F.R.Ae.S., has been 
appointed professor of Aerodynamics at the College 
of Aeronautics, Cranfield, Bletchley, Buckingham- 
shire, in succession to PRoFEssoR A. D. YOUNG, 
M.A.(Cantab.), who has been appointed to the Chair 
of Aeronautical Engineering at Queen Mary College, 
London. 

Mr. CLIFFORD STURDY, B.A., has been appointed 
assistant chief engineer (projects) of Davy and United 
Engineering Co. Ltd., Sheffield. 

Mr. R. W. F. WILBERFORCE has been appointed 
a director of the Butterley Co. Ltd., Ripley, Derby- 
shire. 

Mr. J. W. C. MILLIGAN has relinquished his 
position as managing director of the Brush Electrical 
Engineering Co. Ltd., Loughborough. Mr. M. 
TATTERSFIELD, at present deputy to Mr. Milligan, 
will assume responsibility for the management of the 
firm as director and general manager. Mr. D. H. 
SmitH, B.Sc.(Eng.), A.M.I.E.E., has joined the firm 
as chief engineer, transformer division. 

Mr. W. J. Birp has been appointed deputy sales 
manager, The General Electric Co. Ltd., Magnet 
House, Kingsway, London, W.C.2, in addition to his 
present responsibilities as sales manager, London and 
the Southern England area. 


Mr. J. W. URBAN, director of overseas relations, 


has been appointed a director of Monsanto Chemicals 
Ltd., 8 Waterloo-place, London, S.W.1. 
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BUSINESS CHANGES 


wAVELING-BARFORD LtpD., Invicta Works, Gran- 
tham, have acquired a major financial interest in 
Goopwin-BarssBy & Co. Ltp., Leicester. Each 
~ dite will continue to trade under its existing 
style. 

An agreement has been reached between AERO 
RESEARCH LTD. and SHELL CHEMICALS LTD. covering, 
in the United Kingdom, the patents held by CIBA 


and Shell in the field of epoxide resins. The agree- 
ment will give freedom to all purchasers of the resins, 
from either company, to sell or use these materials 
in the surface-coating field. 


It has been decided to change the name of Dowty 
Auto Units Ltp., to Dowty HyprauLic UNITs 
Ltp., Ashchurch, near Tewkesbury, Gloucestershire. 


THE TELEGRAPH CONSTRUCTION AND MaAIN- 
TENANCE Co. Ltp., Telcon Works, Greenwich, 
London, S.E.10, have opened a new branch office 
and depot at 2 St. Nicholas Buildings, Newcastle- 
upon-Tyne 1, under the management of Mr. R. 
FENWICK, and a London sales office at Norfolk 
House, St. James’s-square, S.W.1, under the manage- 
ment of Mr. A. W. MArTKIN. 


THos. W. Warp Ltp., Albion Works, Sheffield, 
have purchased the entire share capital of FREDK. 
TOWN AND Sons Ltp., machine-tool manufacturers, 
Halifax. Mr. HAROLD VERNON and Mr. G. S. 
Woop, of Thos. W. Ward, have been appointed to 
the board and Mr Vernon has been made chairman 
and managing director. Mr. Eric Town, who has 
been with the company for 25 years, remains as a 
director and general manager. 


xk * 


NEW JOURNALS 


Shipbuilding, Nuclear Energy, 
Communications and Electronics 


Of the three most recent new specialised journals 
two are devoted to modern technologies and 
one to the ancient craft and science of ship- 
building. 


NUCLEAR ENERGY 


The Journal of Nuclear Energy is the most 
erudite. The Editor-in-Chief is Mr. J. V. 
Dunworth, of Harwell, and the editorial advisory 
board includes Sir John Cockcroft, among 
several authorities of world-wide reputation. 
The contents are to be restricted mainly to papers 
describing original work, and such papers will 
be accepted in English, French and German. 
The first issue of the journal, which is to be 
published quarterly for the present, includes 
papers on the design of totally-enclosed pumps, 
with particular reference to a 50-h.p. pump for 
liquid sodium; economic power from fast 
breeder reactors; operational features of 
** Zephyr,”’ the small low-power fast reactor at 
Harwell; the creep of aluminium during neutron 
irradiation; and protection against ionising 
radiation. 

This journal is published by the Pergamon 
Press, Limited, Maxwell House, Marylebone- 
road, London, N.W.1. 


COMMUNICATIONS AND ELECTRONICS 


Of the three periodicals the greatest concessions 
to modern ideas in typography and layout are 
made by Communications and Electronics, pub- 
lished monthly by Heywood and Company, 
Limited, Drury House, Russell-street, London, 
W.C.2, and edited by Mr. C. C. Gee. The 
contents include a dozen articles on special 
subjects such as telecommunications at London 
Airport, safety at sea, radio and allied techniques 
on British Railways, and electronics in bee 
farming, as well as book reviews and brief notes 
on new equipment. 


SHIPBUILDING 


International Shipbuilding Progress, with the 
sub-title ‘‘ Shipbuilding and Marine Engineering 
Monthly,” is an ambitious project. The aim is 
to establish “‘ better international contact between 
workers in the fields of theoretical shipbuilding, 
practical shipbuilding, marine-engine building 
and allied subjects in the widest sense of the 
word.” The Editors-in-Chief are Professors 
H. E. Jaeger, B. C. Kroon and W. P. A. van 
Lammeren, all of the Technical University, Delft, 
and Mr. G. Zanen, secretary of the Institution of 
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Shipbuilders and Marine Engineers, Rotterdam. 
The other members of the international editorial 
committee number 72 and are drawn from Great 
Britain, the United States, Canada, India, Israel, 
Japan, Brazil, the Argentine, and most European 
countries. English is the language of the 
periodical. 

The first number is made up of five articles, 
dealing with the Lucy Ashton ship-model and 
full-scale tests, systematic variation of usual 
ship forms, the Fiat Diesel engine of 2,000 b.h.p. 
per cylinder, torsional vibrations, and recent 
data on cavitation criteria. It is published by 
the International Periodical Press, 194 Heem- 
raadssingel, Rotterdam, Holland. 

(Editorial comment in Weekly Survey) 
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Letters to the Editor 


MANCHESTER-SHEFFIELD 
ELECTRIC TRAINS 


Sir, In Weekly Survey for September 24, 
dealing with the Manchester-Sheffield electric 
passenger service, you mention that the faster 
of the new electric trains between Manchester 
and Sheffield are scheduled to do the journey in 
57 minutes. The claim was made on behalf of 
British Railways that this is 10 minutes quicker 
than their best time with steam haulage. 

For many years in the days prior to national- 
isation, howevei, the 4.55 p.m. express from 
Marylebone was scheduled to leave Sheffield 
(Victoria) at 8.5 p.m. and to arrive at Manchester 
(London Road) at 9 o’clock, thus completing 
the journey in 55 minutes. In its essence, there- 
fore, British Railways’ grandiose claim amounts 
to an admission that even a £15 million electri- 
fication scheme has not quite been able to restore 
the conditions prevailing under the more efficient 
management of the late L.N.E.R. 

If £15 million worth of capital development 
is apparently needed to compensate for the 
deterioration over a mere 60 route miles covered 
by the scheme, out of a total of some 20,000 
route miles for the whole country, are we not 
entitled to exterpolate, and thus to estimate that 
as a result of the nationalisation of our railways 
we are poorer, in round figures, to the tune of 
over £5,000 millions ? 

Yours faithfully, 
R. G. B. Gwyer. 
The Limes, 
Windsor-road, 
Manchester 10. 
September 29, 1954. 


[The mileage between Sheffield (Victoria) and 
Manchester (London Road) is 414—Epb. E.] 
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OBITUARY 


We regret to record the deaths of : 


Mr. DouGLas ROBERT ALEXANDER Pistor, while 
on holiday in Scotland, on September 23 at the age 
of 62. He was a director of B.K.B. Electric Motors 
Ltd., and had been for nearly 40 years manager of 
the Hibbert Street Works of George Kent Ltd., 
Luton, Bedfordshire. 

Mr. W. Morris SmiTH, at his home at Elderslie, 
Renfrewshire, on September 25 at the age of 55. 
He was chief engineer of Joy-Sullivan Ltd., Greenock. 
Mr. Morris Smith joined the Sullivan Machinery Co. 
at Grantham in 1936, and, two years after the 
merger of the Joy Manufacturing Co. of America 
with the Sullivan Co. in 1946, he went to live in 
Scotland. 

Mr. THOMAS FITZGERALD, A.M.I.Mech.E., at 
Newcastle-upon-Tyne on September 28. Mr. Fitz- 
gerald was for many years a valued contributor of 
book reviews to ENGINEERING. 
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NATIONAL ELECTRICITY SUPPLY 
A REVIEW OF THE TECHNICAL PROBLEMS INVOLVED 


The sixth annual report* of the British Electricity 
Authority, to which we referred on page 418 
ante, includes much matter of engineering inter- 
est. Some of the points discussed are sum- 
marised below to indicate how advances in 
design and construction are playing their part 
in enabling an ever increasing demand for 
electricity to be met. 

Reference is made to the technical difficulties 
which arise when coal containing appreciable 
quantities of chlorides is consumed. Such high 
chlorine contents will be increasingly encountered 
in the future, especially in the East Midlands 
coal, which will supply a growing proportion of 
the Authority’s requirements. Investigation, 
however, shows that it should be possible to 
design boilers to minimise deposit troubles, 
although these may have to be larger and more 
expensive than normal for a given output of 
steam. This is unfortunate since the new 
stations in the East Midlands are those in which 
other economic factors dictate the use of the 
largest individual units with the highest practic- 
able pressures and temperatures. 


OIL AS A FUEL 


The establishment of new oil refineries in 
Great Britain has given rise to the possibility 
that the use of heavy fuel oil might be an 
economic alternative to coal. The employment 
of oil on any large scale would, however, involve 
additional capital expenditure and would only 
be economic if its price was appreciably lower 
than that of coal of equivalent heat value and if 
supplies could be assured for a period sufficiently 
long for the capital costs to be amortised. 
Nevertheless, as stated by Lord Citrine, in 
addition to the station at Marchwood (details of 
which were givén on page 441, ante) such dual 
firing is being considered for a number of other 
stations. 


COOLING-WATER PROBLEM 


The supply of cooling water for power stations 
is still one of the major problems arising in 
providing for the expansion of generating 
capacity. Difficulties occur from the restrictive 
temperature conditions imposed by River Boards, 
and, as a result of a public inquiry, detailed 
observations were made on the Yorkshire Ouse 
to ascertain the effects of the discharge of warm 
water on the river conditions. Extensive re- 
search was also conducted into the tidal 
behaviour of the lower Trent as a preliminary 
to the planning of the station at High Marnham, 
the eventual capacity of which is to be 1,000 MW. 

The use of larger high-efficiency machines is 
limited by many factors, not the least of which is 
the size and weight of the plant which can be 
transported from the works to the power-station 
site. The design of large turbines and boilers 
operating with higher steam conditions has been 
accompanied by intensive investigations intu the 
materials for the piping. In fact, progress 
towards higher thermal efficiencies tends to be 
increasingly influenced by the rate of advance in 
piping technique and, particularly with the 
reheat type of installation, the pipework repre- 
sents an increasingly significant proportion of 
the cost of a generating unit. 


BOILER CONTROL AND PROTECTION 
Intensive studies have also been made into the 
problems of control and automatic protection 


* Sixth Report and Statement of Accounts of the 
British Electricity Authority for the Year Ended March 
31, 1954, H.M. Stationery Office. (95.) 





of the larger units of plant. Increase in size 
generally reduces the interval between failure 
and significant damage, while the use of reheat 
introduces problems of control and protection 
under emergency conditions which are much 
more complicated than those involved in the 
“straight ” type of installations. Considerable 
assistance towards the solution of such prob- 
lems has been obtained by rationalising the 
detailed features of ‘‘ standard” sets and such 
associated equipment as the condensers, feed- 
heating plant, feed pumps, instruments and 
protective apparatus. 

In dealing with power station operation, it is 
noted that caustic cracking was discovered in 
76 of the 787 boilers so far examined. Of these, 
21 were scrapped and the remainder were 
repaired by renewing the defective drums, re- 
strapping the joints, or in other ways. Encouraging 
results have been obtained in manufacturing 
bricks containing 85 per cent. of pulverised-fuel 
ash and 15 per cent. of either plastic or London 
clay. It has also been found that 20 per cent. 
of the cement in concrete can be replaced by ash 
without any adverse effect on the ultimate 
strength. Experiments are being made in the 
use of such ash for restoring waste ground to 
agriculture and research into the problems of 
agronomy and soil chemistry involved is being 
sponsored. 


ATMOSPHERIC POLLUTION 


The problem of preventing atmospheric 
pollution from the 36 million tons of coal, 
mostly of the lowest grades, which are now 
consumed annually in British power stations is 
naturally receiving much attention. Practically 
all the new boilers are being equipped with 
pulverised-fuel firing, the very fine dust from 
which can be effectively removed by electrostatic 
precipitators. Research is therefore being 
conducted to improve the design of this equip- 
ment, and field tests of atmospheric pollution 
are being made in the neighbourhood of power 
stations. These include an investigation at the 
Little Barford station, which is situated in 
open country, where the background pollution 
from sources other than the power station itself 
should be a minimum. 

As regards gas washing it is pointed out that 
although the two processes that have been tried 
are effective they are also expensive. Moreover, 
the gases are cooled to about 80 deg. F. and 
therefore tend to fall to the ground, instead of 
being dispersed in the higher layers of the atmos- 
phere. Much of the advantage of tall chimneys, 
as a means of dispersing gases, is therefore lost. 
As a result it is considered that gas washing can 
only be justified if an acute national shortage of 
sulphur requires its uneconomic recovery from the 
low concentrations in the flue gases. Inquiries 
are still being made into economic methods of 
achieving this recovery. 


METHODS OF FIRING 


Systematic tests were carried out at a number 
of power stations to examine the effects of 
variations in methods of firing and in operating 
conditions. Full-scale investigations were also 
made into the causes of boiler fouling and 
corrosion and into methods of alleviation. 
Satisfactory results were obtained in burning 
coal of high chlorine content without fouling 
by mixing them with coals of a lower chlorine 
content in wet- and dry-bottom pulverised-fuel 
fired boilers. In attempts to reduce fouling by 
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the humidification of the combustion air it was 
established that the application of steam to the 
flame in a pulverised-fuel furnace was more 
effective than air. It was also found that in 
boilers fired by pulverised fuel fouling did not 
occur until the chlorine content exceeded 
0-6 per cent. 


ELECTRICAL PROGRESS 


On the electrical side, good progress was made 
with the design and testing of 275-kV circuit- 
breakers, while production circuit-breakers, of 
both the bulk-oil and air-blast patterns, are due to 
be type tested in the near future. A further 
design of 132-kV bulk-oil circuit-breaker, rated at 
3,500 MVA, was also satisfactorily tested under 
short-circuit conditions. Five indoor 132-kV 
switching stations are now in service and pre- 
liminary cost investigations show that the open- 
hall type installed at Carmarthen Bay is likely 
to prove the most economical form of con- 
struction where space permits. 

Progress was made in the design and manu- 
facture of the 120-MVA auto-transformers for 
the first stages of the 275-kV grid. It has been 
found that a limited number of 120-MVA 
transformers with a ratio of 275/66 kV will be 
required. These will be of the “ double- 
wound ” type, voltage regulation being provided 
by an on-load tap-changer at the neutral end 
of the 275-kV winding. Impulse tests on two 
132-kV transformers indicate that while design 
margins are adequate, care must be exercised in 
manufacturing the components and in assembly, 
if test levels are to be met. 


xk & 


REINFORCED CONCRETE 
ASSOCIATION — 


Midlands and Scottish Branches 
Formed 


Two new branches have recently been formed by 
the Reinforced Concrete Association. One of 
these, to be known as the Midland Counties 
Branch, was inaugurated by the President of 
the Association, Mr. C. H. S. Howkins, O.B.E., 
at a meeting of the branch at the Birmingham and 
Midland Institute, Birmingham, on October 5 
last. Mr. A. P. Mason, B.Sc., M.I.C.E., 
has been appointed branch chairman and Mr. 
J. E. C. Farebrother, M.1.Struct.E., 54 Primley- 
avenue, Birmingham 34, as honorary secretary. 

The other branch will be known as the Scottish 
Branch and will be inaugurated by Mr. Howkins 
at a branch meeting at the North British Hotel, 
Edinburgh, on October 12, at 6.30 p.m. Mr. 
James Reed, B.Sc., F.R.S.E., M.I.C.E., has 
been appointed branch chairman and Mr. A. F. 
Keary, 2 Cammo-road, Barnton, Edinburgh, 
as honorary secretary. 


x * * 


CHEMICAL AND PETROLEUM 
ENGINEERING 


Exhibition to be held in London 


Arrangements have been completed to hold, 
for the first time in the United Kingdom, a joint 
exhibition of chemical plant and petroleum 
equipment. It will be known as the Chemical 
and Petroleum Engineering Exhibition and will 
take place in the Grand Hall, Olympia, London, 
W.14, in June, 1958. The exhibition will be 
organised by F. W. Bridges and Sons, Ltd., 
Grand ‘Buildings, Trafalgar-square, London, 
W.C.2, and sponsored jointly by the British 
Chemical Plant Manufacturers’ Association and 
the Council of British Manufacturers of Petro- 
leum Equipment. 
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THE FOUNDATIONS OF SHIP DESIGN* 
HISTORIC ORIGINS OF MODERN NAVAL ARCHITECTURE 
By Professor A. M. Robb, D.sc. 


Some topics for discussion in a presidential 
address are suggested by the James Forrest 
Lecture, delivered to the Institution of Civil 
Engineers in 1907. The author was Dr. Francis 
Elgar, whose first connection with Clydeside 
shipbuilding and engineering arose from his 
appointment to the Chair of Naval Architecture 
newly founded in memory of John Elder, and 
whose final connection with Clydeside was as 
chairman of the establishment at Fairfield of 
which John Elder was one of the founders. 
The title of the lecture was ‘‘ Unsolved Problems 
in the Design and Propulsion of Ships,” but the 
substance was rather a review of progress that 
had been achieved than a prospect of paths 
yet to be explored. When progress has been 
achieved it may, however, be desirable on 
occasion to consider how it has been achieved. 
Such a consideration may be salutary. 

At an early stage in his lecture Dr. Elgar 
remarked that he was passing over the secondary 
problems such as mensuration and hydrostatics, 
which “‘ constitute the bulk of the ship designer’s 
purely scientific stock-in-trade,’ and dealing 
first with the problems which bear most directly 
on safety at sea. It was, therefore, natural, 
that he should discuss the problem of depth of 
loading. There is here no need to comment on 
that discussion. It is mentioned only because it 
affords an opportunity of offering a footnote to 
history. Samuel Plimsoll is, in common belief, 
commemorated by the markings on the sides of 
ships. It is possible to suggest that that form 
of commemoration is not entirely correct. The 
intense—and successful—campaign waged by 
that turbulent coal merchant deserves commem- 
oration. In the campaign there were, however, 
two objectives—periodical surveys of all ships, 
and a stated load-line, although not one imposed 
by statute; and the emphasis seems to have been 
rather on the former objective. 

When the campaign was opened there were two 
possible scales of loading. ‘* Lloyd’s Rule” 
gave a “ height of dry side’ amounting to 3 in. 
per foot depth of hold. The “ Scale of the Liver- 
pool Underwriters ” embodied an allowance of 
dry side ranging from rather more than 2 in. 
per foot depth of hold to about 4 in. per foot, 
the allowance increasing with the depth. These 
scales were not binding on anyone and, in fact, 
the most authoritative opinions on loading 
were given by some surveyors associated with 
underwriters. 

A point of especial interest to this Institution is 
that four years before Plimsoll opened his 
campaign in Parliament Mr. John Ferguson 
read a paper, “‘ On the Safety and Seaworthiness 
of Vessels,” and presented a plea for an effort 
to arrive at a fair depth to which ships might 
be loaded. That was in 1866, during the first 
session after the fusion of the Institution of 
Engineers in Scotland with the Scottish Ship- 
builders’ Association. 


STABILITY 


Dr. Elgar then passed on to the consideration 
of stability. Here, however, it becomes neces- 
sary to hark back to what Dr. Elgar termed the 
secondary problems of mensuration and hydro- 
Statics. They are now linked with stability 
because the solution of these problems was 
concurrent with the solution of the major 
problem of stability calculation. The fact is not 
appreciated in this country, nor is it realised 
that Pierre Bouguer, who provided the solutions 
to these problems, deserves, more than any other 
man, to be called the Father of Naval Archi- 
tecture. Bouguer’s Traité du Navire was pub- 
lished in 1746. The first part of the book deals 


* Presidential Address to the Institution of Engi- 
neers and Shipbuilders in Scotland, delivered in 
Glasgow on Tuesday, October 5, 1954. Abridged. 


with details of the construction of ships, and the 
latter half with the resistance and propulsion of 
ships under sail. The intermediate portion 
covers nearly everything else in theoretical naval 
architecture. 

The secondary problems of mensuration and 
hydrostatics which, according to Elgar, “ con- 
stitute the bulk of the ship designer’s purely 
scientific stock-in-trade ’’ are so much part of 
the everyday life of the naval architect that it is 
difficult to realise a lack of any such stock. 
There was, however, none when Bouguer wrote 
his book. For mensuration there was no 
Simpson’s rule. It is not clear whether there was 
indeed any reliable method of calculating dis- 
placement. Bouguer changed all that. He 
initiated rational calculation by first devising 
the trapezoidal rule for the measurement of 
areas. Having devised a rule for measuring 
areas, Bouguer applied it to the calculation of 
volumes and moments, or displacements and 
centres of buoyancy, exactly in the manner of 
to-day; he even embodied a separate calculation 
for the lower appendage, for exactly the reason 
in force to-day. From the calculation of dis- 
placement he was able to proceed to the plotting 
of a curve which could be used to determine the 
amount of cargo loaded or unloaded; he seems 
to have devised also a tons-per-inch immersion, 
or something closely akin to it. 


THE METACENTRE 


In this country it is common belief that 
Bouguer’s special contribution to the theory of 
naval architecture was the conception of the 
metacentre. Bouguer did introduce that con- 
ception, so vital in the consideration of stability; 
but the conception followed immediately the 
laying of the foundations of rational hydrostatic 
calculation. In this country there is also the 
belief that George Atwood, whose “ formula ” 
is enshrined in nearly every text-book of naval 
architecture, removed the limitations on Bou- 
guer’s conception. Atwood’s investigations were 
communicated to the Royal Society in 1796 and 
1798, and probably constitute the first work on 
theoretical naval architecture carried out in this 
country. The investigations were based on 
inadequate comprehension of Bouguer’s con- 
ception; Atwood assumed that the conception 
of the metacentre was valid only for very small 
angles of inclination. Bouguer was not bound 
by any such limitation. He actually traced the 
variation in the position of the metacentre over 
an appreciable range of inclination. In fact, 
starting from a wrong assumption, Atwood really 
succeeded in showing the complete validity of 
Bouguer’s conclusions. 

From the consideration of stability, Bouguer 
passed on to the consideration of rolling, and he 
developed an expression for the period of oscilla- 
tion through a small angle. He actually ex- 
pressed the period in terms of the length of a 
simple pendulum, and that method of expression 
may have given rise to an early belief that the 
metacentric height corresponded to the length 
of the simple pendulum which had the same 
period as the ship. Bouguer was not responsible 
for that erroneous belief. His expression for 
the period of oscillation is easily transformed 
into the expression that is almost invariably used 
to-day. Moreover, he was completely aware 
of the association of excessive stability and heavy 
rolling. He dealt briefly also with pitching, 
noting the desirability of keeping weights toward 
amidships. 

Bouguer then turned his attention to the 
“arching” displayed by the ships of his day, 
so laying the foundations of knowledge of 
strength of ships. Arching, in the phraseology 
of Bouguer, is “‘ hogging” in the phraseology 
of to-day, and Bouguer appreciated that the 
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cause lay in excesses of weight over buoyancy at 
ends of ships. He illustrated the members of 
the couple constituting a bending moment, he 
expressed the moment in terms of the displace- 
ment and the length and he equated the external 
and internal moments; all in present-day manner. 
Moreover, he proposed internal stiffening close 
in form to an N-girder, with iron tension mem- 
bers set up by cotters and wedges. 

It has seemed worth while to outline the 
foundation of theoretical naval architecture. 
The circumstances in which it was laid deserve 
brief consideration. While writing Traité du 
Navire Bouguer had no help—nor had he any 
hindrance—from the apparatus of technology; 
he had not even the assistance deriving from 
proximity to a shipyard. The book was written in 
Peru, high up in the Andes, during a geographical 
expedition. Bouguer was a mathematician, a 
physicist and a geographer; on the fly-leaf of 
Traité du Navire he describes himself as former 
hydrographer to the ports of Croisic and of 
Havre du Grace. 

To return to Dr. Elgar’s lecture. There was 
a discussion of comfort on board ship, with 
special reference to rolling and pitching. So far 
as the theoretical aspect was concerned there 
was no advance from Bouguer’s association of 
excessive stability and heavy rolling. The 
greater part of the discussion dealt with methods 
which had been proposed and adopted for miti- 
gating rolling motion—all, with the exception 
of the bilge keel, subsequently discarded. These 
discarded methods had failed because they were, 
in the main, based on an assumption which is not 
valid, the assumption that a ship rolls in her own 
period whatever the period of the waves, which 
may be traced to inadequate appreciation of the 
theoretical consideration of rolling among waves 
developed by William Froude nearly a century 
ago. Incidentally, that fundamental theoretical 
consideration arose from a desire for a forecast 
of the probable seagoing qualities of the Great 
Eastern. In that theoretical consideration there 
was, however, one serious omission. The resist- 
ance to rolling motion imposed by the water 
was not taken into account. 

The omission was soon made good by W. J. 
Macquorn Rankine, in a paper to the Institution 
of Naval Architects which has not received the 
attention it deserves. Rankine assumed the 
resistance to vary as the angular velocity, and 
for the case of a ship rolling in still water he 
derived the accepted solution in a more direct and 
simple manner than that adopted to-day. For 
the case of a ship rolling among waves a minor 
modification of Rankine’s treatment also leads 
to the solution accepted to-day, and also ina 
much more direct and simple manner. The 
important feature of Rankine’s treatment is, 
however, that he focused his attention on what 
he called the ‘“‘ permanent rolling,” the motion 
in the period of the waves now called the forced 
oscillation. He thus indicated the direction 
which must be followed in the development of 
any method of mitigating rolling motion. 

In a much older field of experimental investi- 
gation progress has not been so marked as Dr. 
Elgar’ indicated. He was completely satisfied 
that “‘ The practical solution of the speed problem 
was effected by the late Mr. William Froude...” 
The question whether there is now ground for 
satisfaction will soon come under discussion. 


TANK EXPERIMENTS 


Attention had been turned to A Treatise on 
Shipbuilding and Navigation, by Mungo Murray. 
The date of the first edition is not known, but a 
second edition, published in 1765, embodied 
“*A Supplement containing a Translation of 
what M. Bouguer . . . has written...” The 
brief, and defective, summary of Traité du Navire 
does not call for comment. 

A matter of more direct interest was, however, 
also treated by Murray. He described what 
may have been the first set of tank experiments, 
made “ by one of our own countrymen, whose 
abilities are unexceptionable.” The experiments 
were made in a cistern, some 30 ft. or more long, 
divided along the length so “ that the motion 
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of the water in one part may not disturb that 
in the other...” The two models were 
towed by means of falling weights, and were 
tested by comparison. 

Experimental work was carried a stage farther 
by Frederick Chapman, the Swedish-born son of 
English parents. In his Treatise on Ship-building, 
published in 1775, Chapman described tests 
made in a large and deep pond. The models 
were towed, one at a time, by means of a falling 
weight, and the time to travel 74 ft. was measured. 
A point of interest is that Chapman questioned 
the complete validity of the conclusions recorded 
by Murray, on the ground that the restricted 
breadths of the channels led to the generation of 
counter-currents abreast the models, so falsifying 
the speeds. There is quite a modern note ir 
that criticism. 


MODEL COMPARISON 


The essential feature lacking in these early 
experiments was a standard for relating the size 
of the model and the speed at which it should be 
towed; the need for measurement, and expansion, 
of the resistance had not then arisen. The clue 
to the evaluation of the speed relation, and also 
to the method of expansion of resistance, had, 
however, been in existence since 1686, when 
Sir Isaac Newton published his Principia. But 
the clue remained obscure until nearly the middle 
of the Nineteenth Century when Joseph Bertrand, 
a French mathematician born in 1822, published 
a memoir Sur la Similitude en Mécanique, based 
on a proposition formulated by Newton. 
Bertrand’s consideration was primarily applic- 
able to machines, but F. ‘Reech, Directeur de 
Ecole d’Application du Génie Maritime in 
Paris, soon extended it to cover experiments with 
ship models, and in a book on mechanics, 
published in 1852, he presented the conditions 
for such experiments. The relevant pages of 
Reech’s book were translated by William Denny, 
and published in the Transactions of the Institu- 
tion for 1884-85, as a contribution to a discussion. 
These pages embody a concise statement of 
what is now known as the Law of Comparison, 
supplemented by the following qualifications: 

“* However, for perfect similarity, the atmos- 
pheric pressure at the free surface of the liquid, 
as well as the frictional forces or the forces of 
adhesion of the liquid particles against the sides 
of the system should follow the same general 
law as the other forces: that is to say, should be 
proportional to the cube of the ratio of the linear 
dimensions on two homologous surfaces, and 
consequently proportional to the ratio of the 
linear dimensions, or to the ratio of the square 
of the speeds, per unit of surface. 

“But it is very probable that for nearly 
incompressible liquids such a restrictive con- 
dition for the atmosphere pressure is not necessary 
unless the extreme rapidity of the motion of 
a body wholly immersed produces at the after 
end of the body a wake completely empty, or at 
least full of vapour, ...” 


It is not possible to determine how, or when, 
Bertrand’s work, and Reech’s development, 


became known in this country. It does, however, 
appear that some awareness of the problem of 
the model experiment had soon crossed the 
Channel, for in 1858, in his presidential address 
to the Institution of Engineers in Scotland, 
Macquorn Rankine, after dealing with a method 
of estimating the power required for ship 
propulsion, proceeded: 

““It may be regarded as certain, that experi- 
ments on the resistance of models are almost 
worthless for the purpose of determining the 
propelling power required by ships of figure 
similar to those of the models. The forces which 
constitute the principal part of the resistance 
to the model and to the ship respectively, are of 
different kinds, and follow different laws; in 
short, to determine the laws of resistance of real 
ships, we require experiments on real ships... ” 

It does not appear that William Froude was 
cognisant of the work of Bertrand, or of Reech. 
Froude approached the problem of the model 
experiment by assuming that the resistance of a 
model, like the resistance of a ship, could be 





divided into two parts, one amenable to a law 
of comparison and the other directly calculable. 
He thus evaded the difficulty indicated by 
Reech, the difficulty of fulfilling the condition 
that the frictional forces shall follow the same 
general law as the other forces. The question 
now arises whether the Froude assumption is 
valid. It arises because the satisfaction indicated 
by Dr. Elgar has now given way to doubt. 

If, however, there appears to be something 
wrong in principle it is not sufficient merely to 
discard the Froude friction coefficients, as was 
suggested by some British representatives at 
a recent meeting of tank superintendents; the 
relevant extract from a British report presented 
at that meeting is “*. . . it is unsatisfactory to 
continue using the Froude basis of assessing 
e.h.p. any longer than is absolutely necessary .. .” 
If there appears to be something wrong in 
principle the appropriate measure is an investi- 
gation of the basic assumption. In this case the 
basic assumption is the independence of frictional 
resistance from the resistance caused by variation 
in the distribution of pressure. There has been 
no justification, other than convenience, offered 
for the adoption of that assumption. The 
validity of the assumption can be checked without 
serious difficulty. It has, indeed, been checked 
under the relatively simple conditions afforded 
by a wind tunnel, where the absence of a free 
surface removes one element of complication; 
and the frictional resistance found by deducting 
from the total measured resistance the fraction 
due to pressure distribution does not fit in 
with any accepted representation of a frictional 
resistance. 


FRICTIONAL RESISTANCE 
SEPARABLE 


Tank practitioners are now coming round to 
the opinion that frictional resistance is not a truly 
separable quality; but there has been a marked 
reluctance to investigate the resistance due to 
pressure distribution as a step toward checking 
the basic assumption and obtaining dependable 
guidance on source of error. In this connection 
it may be worth while harking back to Thomas 
Young, who has never been associated with the 
problem of resistance. It has been recorded that 
Young practised for some years as a physician. 
His pioneering insistence that diagnosis should 
precede prescription has long guided his pro- 
fession. The principle has other applications. 

In addition to the problem of expanding the 
resistance of a model hull there is the problem of 
expanding the thrust and torque of a model 
propeller. The treatment of that problem has 
not been satisfactory. Throughout all experi- 
mental work on model propellers there has 
been an error in principle. Thrusts delivered 
by model propellers have been expanded as the 
cubes of the dimension ratios, in accordance 
with the original law of comparison. That law 
demands, however, that there shall be a relation- 
ship between speeds and dimensions; and that 
demand has been ignored. It is nearly 20 years 
since a large body of evidence was published in 
this country showing appreciable differences in 
result with the same propeller tested at different 
speeds. Attention was then called to that 
departure from accepted belief. But it is only 
recently that the need for compliance with a 
speed-dimension relationship has been appreci- 
ated. 

The lack of appreciation of a principle may 
explain part of the difficulty of dealing with the 
problem of the propeller. Part of the difficulty 
arises from lack of knowledge of the performances 
of actual propellers. Torques on propeller shafts 
have been measured for years, but there are very 
few records of thrusts. So far as is known there 
is only one extensive set of published records of 
thrusts delivered by a propeller, supplemented by 
records of torque, and also by records of the 
performance of a model of the propeller. These 
records, covering 18 measurement runs for the 
ship, were published in the United States more 
than 20 years ago; and they suggest the nature 
of the problem. For relatively the same torques 
on full-size and model shafts the thrusts of the 
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full-size propeller were, relatively, about 15 pe- 
cent. in excess of those of the model. Som: 
part of the discrepanoy may be explained by non- 
fulfilment of the law of comparison. Some pai 
may be explained by differences in flow condition 
at the sterns of the ship and the model. But; 
gap of 15 per cent. takes a lot of briding—an 
there has been no serious attempt to bridge it 

It is possible, too, that the problem is becomin; 
clouded because of an undue preoccupation witt 
laminar motion and a desire to relate results tc 
values of Reynolds’ number. Apn illustration o! 
the danger of attaching undue importance tc 
values of Reynolds’ number involves reference 
to a development in aeronautics. Developments 
in that field have been of great benefit to nava' 
architecture, but it does not follow that all the 
developments are beneficial. For some work on 
propeller blade sections, use has been made of a 
compressed-air tunnel. In a standard work on 
applied aerodynamics, the theory underlying the 
adoption of such a tunnel is stated in nine lines 
In brief, compression of the air increases the 
density without affecting the viscosity, and 
increase in the density facilitates the attainment 
of high values of Reynolds’ number, since the 
density factor appears in the numerator of the 
expression for the number. 


CAVITATION AND STALLING 


It does not seem that the question whether 
that is a proper method of attaining a high value 
of the number has ever been asked. Answers 
to such a question are, however, readily available. 
Results from a compressed-air tunnel indicate 
that the angle of stall is increased with increase 
in Reynolds’ number. The stalling of an 
aeroplane, or of an aerofoil section, is basically 
the same phenomenon as the cavitation of a ship 
propeller. But, in complete contradiction to the 
results obtained in the compressed-air tunnel, the 
naval architect finds that increase in the value of 
Reynolds’ number increases the tendency to 
cavitation. The argument may be presented in 
another manner. The naval architect reduces 
the pressure round a model propeller in order 
to obtain cavitation. Accordingly increase of 
the pressure round a propeller blade section, or 
an aerofoil, should delay the onset of cavitation, 
or the stalling angle. Hence an increase in 
pressure has an effect other than that of merely 
increasing the Reynolds’ number. 

That first ground for questioning a method of 
increasing Reynolds’ number is supplemented by 
consideration of some results recently derived. 
Similar propeller blade sections were tested in a 
compressed-air tunnel and in an ordinary tunnel, 
at the same values of Reynolds’ number. The 
total drags were measured on the section in the 
compressed-air tunnel. In the ordinary tunnel 
the pressure distributions on the section were 
recorded, and the drags due to variation in 
pressure distribution were computed; no account 
was taken of the frictional drag. Results have 
been given for five values of Reynolds’ number 
and seven angles of incidence. Of the 35 pairs 
of values of the drag coefficient only ten show 
the total drag measured in the compressed-air 
tunnel exceeding the fraction of the drag com- 
puted from the pressures measured in the ordinary 
tunnel. Indeed, in a few instances the total drag 
measured in the compressed-air tunnel is only 
about 60 per cent. of the fraction of the drag 
determined from the ordinary tunnel. 

The presentation, without any discussion, of 
anomalies such as have been noted, and of 
anomalies that have been apparent in experi- 
mental tank work for years, suggests a defect in 
the processes of technology. As apparatus 
becomes more and more complicated attention 
seems to focus on the apparatus rather than on 
the principles which should underlie the results. 
That defect may bring with it another, which 
may be indicated by a phrase in a lecture delivered 
nearly 60 years ago. The lecturer referred to art 
criticism consisting to a large extent of “ the 
unilluminating discussion of unreal problems in 
unintelligible language.” Is it certain that the 
phrase may not be applicable in some matters of 
technology ? 





ING 


5 per 
Som: 
/ non- 
© pai 
ition 
But : 
—an¢ 
ge it 
mins 
1 witl 
Its te 
on o! 
ce tc 
rence 
ments 
nava' 
ll the 
rk on 
e of a 
rk on 
ig the 
: lines 
‘Ss the 

and 
iment 
e the 
of the 


iether 
value 
iswers 
lable. 
dicate 
crease 
f an 
‘ically 
a ship 
to the 
1, the 
lue of 
>y to 
ied in 
duces 
order 
se of 
yn, or 
ation, 
se in 
1erely 


od of 
ed by 
rived. 
lina 
innel, 

The 
n the 
unnel 
were 
yn in 
count 
have 
imber 
pairs 
show 
od-air 
com- 
inary 
| drag 
only 
drag 


n, of 
id of 
xperi- 
ect in 
lratus 
ntion 
in on 
sults. 
which 
vered 
to art 
** the 
ms in 
t the 
srs of 


ENGINEERING October 8, 1954 


COURSE ON AIRCRAFT 
ELECTRICAL SYSTEMS 


Sir F. Handley Page’s Review 


Since the end of the second World War the 
complexity and power requirements of electrical 
installations in large aircraft have increased 
enormously, partly owing to the rapid develop- 
ment of radar, partly because the high speeds 
of modern aircraft demand power-operation of 
the flying controls in which electricity provides 
at least part of the motive power, and partly 
owing to the adoption of electrically-operated 
automatic pilots in place of the earlier pneumatic 
systems. The problems of the aircraft electrical 
engineer lie outside the experience of those 
engaged in industrial electricity, and in order to 
provide an opportunity for discussing the best 
ways of tackling these new problems a five-day 
vacation course has been held recently in the 
Electrical Engineering Department of the City 
and Guilds College, which has been attended 
by representatives of the aircraft and electrical 
industries, Government scientists, and teachers 
of electrical engineering. 


The course was opened by Sir Frederick 
Handley Page, himself an electrical engineer 
by training, a former student of the Finsbury 
Technical College which later became absorbed 
in the City and Guilds College. He recalled 
that one of the purposes for which the Imperial 
College of Science and Technology was founded 
was to provide facilities for research, especially 
for industrial applications. The vacation school, 
he thought, should serve a useful purpose in 
bringing the universities and industry together. 

By way of illustrating the growth of electrical 
complexity in aircraft, Sir Frederick said that 
whereas the Hampden bomber aircraft carried 
56 lb. of electronics with eight valves, a modern 
V-bomber aircraft carried 34 tons of electronics 
with 1,000 valves and 134 miles of wiring. Thus 
problems of transmission had arisen and, to 
avoid excessive weight penalty, higher voltages 
had been adopted. 

Since electronics and aeronautics were two 
of the most advanced sciences, problems arose 
which could only be solved by close collaboration 
between the electronics equipment manufacturer 
and the aircraft designer. The equipment 
manufacturer needed to develop a_ better 
appreciation of the necessity for light weight 
and maintaining a good aerodynamic shape. 
Equally, the airtcraft manufacturer required a 
better appreciation of electrical engineering. 

The increasing tendency towards complica- 
tion—e.g., duplicated services to guard against 
emergencies—should, Sir Frederick thought, be 
combated. More attention should be paid to 
developing safe, reliable basic equipment which 
would not fail in service. Automatic equipment, 
he suggested, was subject to fallibility in the same 
way as the human being, and required too many 
“doctors”? to remedy its trouble. In conclu- 
sion, he said, electrical equipment manufacturers 
should learn to look into the future, in order to 
avoid the difficulties of developing untried 
equipment in an’ untried aircraft. 

The course itself commenced with an intro- 
ductory survey by Mr. D. F. Welch (see adjacent 
columns), followed by lectures on environment 
and frictional requirements; power systems; 
brush wear at high altitudes; vibration; cooling 
problems; direct-current machines; electrical 
installations; alternating current machines; 
system operation and protection; and switch- 
gear. In a concluding survey on future trends, 
the need for realistic life tests allowing for 
vibration was emphasised. 
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AIRCRAFT ELECTRICAL SYSTEMS* 


PRACTICE AND PROBLEMS SURVEYED 
By D. F. Welch, M.A., A.M.LE.E. 


Since 1940, the 24-volt system has entirely 
superseded the 12-volt circuit and, in large 
aircraft of more recent years, system voltages 
of the order of 112 volts D.C. or 115/208 volts 
A.C. have been employed. Power requirements 
have increased from about 1 kW at the beginning 
of the second World War to upwards of 40 kW 
for relatively small aircraft and between 100 and 
200 kW for large aircraft. Such a rise in 
installed power, with the added problems 
resulting from flying faster and higher, is an 
achievement that has surely seldom been 
bettered. 

With the advent of high speed and large 
aircraft, electrical power is now used either 
directly or indirectly to operate the flying control 
surfaces. Coupled with the electrical operation 
of many essential flying instruments, this means 
that the safety of the aircraft is dependent on the 
maintenance of electrical power. 

Cooling problems, brush wear and an increas- 
ing requirement for constant-frequency alter- 
nating current are tending to swing activity and 
thought towards constant frequency genera- 
tion. 

At present constant-speed drive units may be 
powered by the main engines, free-breathing 
auxiliary-power units, air-turbine-driven units 
taking air from main engine compressors, and a 
mixture of the free-breathing and air-turbine 
units. Each has its own possibilities, advantages 
and disadvantages. 

It is frequently worth while, in order to reduce 
weight, to increase the expenditure on develop- 
ment, design, more costly material and possibly 
greater manufacturing accuracy and difficulty. 

In most electrical equipment higher efficiency 
means extra weight, and this point must be fully 
appreciated at the design stage to avoid adding 
weight that would exceed any saving in fuel and 
power plant due to gain in efficiency. The drag 
loss imposed on the aircraft by equipment- 
cooling needs must also receive its full share 
of attention. In fact the whole electrical 
system must be considered as a unit to be 
integrated into the aircraft to give the optimum 
overall performance. To achieve the integrated 
design the closest possible co-operation must 
exist between the aircraft manufacturers and the 
engine and auxiliary manufacturers. 


ALTITUDE AND SPEED PROBLEMS 


Humidity may change from the ground 
conditions to 100 per cent. when flying through 
cloud and then drop again at high altitudes 
where the dew point can be as low as — 60 deg. C., 
all in the space of a few minutes. On the other 
hand, sustained flying at any one condition may 
be required. 

Equipment for operation in the engine nacelle 
may spend most of its working life in an ambient 
temperature of 100 deg. C. to 130 deg. C., but 
must, when required, be capable of efficient 
service after an ‘“ engine off’ period when the 
temperature can easily be as low as —50 deg. C. 
Equipment outside any heated compartment may 
get cooled during normal flight to — 50 deg. C., 
but must still be capable of efficient service and 
life under tropical conditions of +70 deg. C. 
ambient. 

At 60,000 ft. the air density is only 7 per cent. 

* Introductory lecture presented at the Vacation 


School on Aircraft Electrical Systems at the City and 
Guilds College on September 20. Abridged. 


of the ground-level density. Low air density 
reacts adversely on the operation of protection 
and brush gear, and affects the layout and spacing 
of any medium- or high-voltage equipment. It 
also diminishes seriously the efficiency of air- 
cooling systems. 


ACCELERATION, VIBRATION, LIFE 


Under normal or adverse flight conditions, 
aircraft equipment may be subjected to high 
acceleration forces in all directions. These 
forces depend on the position and attitude of 
the equipment in the aircraft, but normally 
equipment should be fully operational under 
loads imposed by 9g and undamaged at 25 g. 

At high speeds, the use of ram air as a coolant 
becomes less attractive—indeed at Mach 1:5, 
the ram air will be hotter than the equipment 
to be cooled. Liquid-spray and vapour-cooling 
systems are under consideration, and a solution 
to the problem must be found quickly. The need 
for high-grade high-temperature, insulating 
material is becoming acute. 

For low-altitude low-power requirements, 
24-volt direct-current systems are universally 
favoured. For sustained operation at altitudes 
above about 30,000 ft., serious difficulties arise 
with direct-current machines from rapid brush 
wear and cooling difficulties. For aircraft 
powered by jet engines, which inherently demand 
high altitudes for economic operation, considera- 
tion has been given to alternative systems 
employing alternators as the main source of 
supply and using lightweight selenium rectifiers 
for such direct-current requirements as may be 
necessary. Such composite systems give satis- 
factory operation and compare favourably in 
weight provided that the direct-current load 
requirements are not excessive. 

Where the load requirements are high, say 
60 kW or more, the tendency is toward higher 
voltage systems, either 112 volts direct current or 
115/208 volts alternating current. 

The advance in constant-speed drives and 
turbo-alternator units may, if all the present 
outstanding difficulties can be resolved, lead to 
an almost universal introduction of constant- 
frequency alternating current. 

An important point is the need for electrical 
stiffness that enables ‘shock loads such as faults 
or heavy starting currents to be taken without 
system collapse or undue system disturbance. 
In direct-current systems the battery plays an 
important part in sustaining the voltage, pro- 
vided that the present tendency of reducing 
battery size is not carried too far. In alternating- 
current systems no such simple means exist. 

Whatever the power system employed some 
stringent and basic requirements of control and 
protection must be met. For direct-current 
systems the following features are required: 
voltage regulators for maintaining the bus-bar 
voltage within +24 per cent. of nominal over 
the speed range required; differential voltage- 
type cut-out relays for bringing a generator on 
the line when its voltage is 24 per cent. above the 
bus-bar voltage and removing it when the 
reverse current reaches 10 per cent. of the full- 
load rating of the generator. The unit must, of 
course, protect the battery against discharge 
when the generators are stationary. Load- 
sharing circuits. ensure that each generator 
automatically takes its due share of the load. 

To safeguard the systems and remove auto- 
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matically any offending circuit from the system, 
the following forms of protection are frequently 
employed: reverse current protection, differential 
current protection, over- and under-voltage 
protection. 

With systems of the constant-frequency 
paralleled-alternator type, additional protection 
is required for sensing and correcting reactive 
current. Load-sharing control is also more 
complex than with direct current. 


GENERATION 


Generation, whether alternating or direct, 
must be from at least two units. The genera- 
tors must run in parallel in order to maintain 
a permanent electrical supply to loads essen- 
tial for the safety of the aircraft. Installa- 
tions have been considered in which individual 
generators supply separate load circuits, but in 
general the arrangement necessary to switch 
essential loads from one generator to any other 
generator automatically are complicated and 
undesirable. 

The full-load current has to be supplied over 
a speed range of at least 3 to 1 and sometimes 
as high as 5 to 1 while the bus-bar voltage must 
be maintained constant within +24 per cent. 
over all conditions of speed and load. 

To avoid disruption of any supplies from 
engine or generator failure, the general practice 
is to drive generators from two or more engines 
when possible. The difficulties involved in 
paralleling alternators driven by separate engines 
are the main reason delaying the wider use of 
alternating-current in aircraft. Main-engine- 


driven alternators may be paralleled if their 
outputs are rectified first, or if driven through a 
variable-ratio drive that provides constant output 
speed from variable-input speed. Both systems 
have their drawbacks, particularly when large 
powers are involved. These drawbacks have to 
be weighed against the difficulties of direct-current 


generation. 

It is not until powers of the order of 100,000 
kVA are reached that industrial machines 
approach the power-to-weight ratio of aircraft 
alternators of 5 kVA and upwards. On the 
direct-current side considerable weight saving 
has been achieved, e.g., a 40-kW direct-current 
generator for 200 lb. as compared with about 
700 lb. for an equivalent industrial machine if 
run at the same speed. 


SWITCH AND CONTROL GEAR 


In low-voltage low-power systems, the duties 
of control and protection are frequently com- 
bined, thermal overload trip elements being 
incorporated in contactor gear. The use of 
higher powers and voltages (112 volts direct 
current), however, has necessitated the intro- 
duction of the standard commercial practice of 
a control contactor backed by an overload 
circuit-breaker. The advent of higher-voltage 
direct-current systems has raised the potential 
fault powers into the region of 1 to 1-5 MVA 
and this, combined with increasing operational 
altitudes, has introduced many problems into 
switchgear design. 

In alternating-current systems the rupturing 
of high powers is simpler and the ratio of full- 
load to short-circuit current is lower. Opera- 
tional experience with alternating-current control 
gear in aircraft is, however, very limited. 

The work so far accomplished has produced 
120-volt direct-current circuit-breakers with 
approximately twice the full-load capacity and 
25 times the rupturing capacity of the largest 
24-volt circuit contactor in use at the end of the 
war. The size of these new units is only some 
200 cub. in. as compared with the order of 
5,000 cub. in. for the industrial unit of com- 
parable ground-level performance. 





BRITISH STANDARDS 


The following publications have been issued by 
the British Standards Institution. Copies are 
available from the Sales Department of the 
Institution, 2 Park-street, London, W.1, at the 
price given after each title. 


Carbon Brushes. (Parallel-Sided for Commutator 

and Slip-Ring Machines). (2s. 6d., post free.) 
A second revision of B.S. 96, covering parallel-sided 
carbon brushes for use on commutators and slip- 
ring machines has now been issued. The standard 
applies to carbon, graphite and metal-graphite brushes 
with the exception of those used in aircraft. The 
various brush sizes have been revised and the identi- 
fication numbers of the brushes, included in the first 
revision of 1938, have been altered in consequence. 
In addition to the adoption of a new system of 
numbering the brushes, some extension of scope has 
been possible and a range of brushes such as are 
commonly used on the commutators of traction 
motors has been added. The specification is 
intended as a step towards the ultimate standardisa- 
tion of brushes, and preferred sizes are given for 
adoption wherever possible. 


Vulcanised Extruded Rubber Compounds and Tubing. 
(2s. 6d., post free.) 


Another revision recently issued is concerned with 
vulcanised extruded rubber compounds. This, 
B.S. 1155, replaces the war-emergency pamphlet 
published in 1944, and the earlier Government 
department specification T.G. 49, on which it was 
based. The new standard revises and extends the 
scope of the original T.G. specification and specifies 
vulcanisates which are primarily intended to meet 
the requirements of Government departments for 
many of their ordinary items in the form of tubing 
and goods made by extrusion. The revision covers 
four white and six black vulcanisates classified 
according to their hardness, and skeleton composi- 
tions, physical tests and examples of typical composi- 
tions are given. Dimensions and tolerances for 
plain tubing made from these compounds are also 
included. 


Tee Slots. (3s. 6d., post free.) 


A new British Standard, B.S. 2485, aims at con- 
trolling the situation caused by the present somewhat 
bewildering multiplicity of odd tee-slot sizes and 
pitches by specifying the dimensions and tolerances 
of a range of tee slots and tee-bolt heads from } in. 
to 1 in. inclusive, and comparing them with their 
nearest metric counterparts. Due note has been 
taken of Continental and American practice and 
thus the standard should have a world-wide interest. 
The specification for milling cutters, B.S. 122, is 
being amended to provide suitable tee-slot cutters. 
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TRADE PUBLICATIONS 


Copies of any of the following trade publications 
are obtainable from the addresses given, though 
distribution is sometimes restricted. 


Springs. THe Lewis SprinG Co., Ltp., Redditch, 
Worcs. Helical tension and compression springs, 
helical torsion springs and flat springs. Handbook 
designed to assist designers, buyers and users. 
Some formule and brief descriptions of some of 
the stages of manufacture are given, together with 
references and conversion tables. 


Mercury-vapour Detector. HANoviA Ltp., Bath-road, 
Slough, Buckinghamshire. Instrument for detect- 
ing and measuring mercury vapour in the atmos- 
phere, either continuously or periodicaliy. Can 
detect concentrations down to 2 micrograms per 
cub. metre. Leaflet giving full particulars. 


Elements for Electric Furnaces. MORGAN CRUCIBLE 
Co. Ltp., Battersea Church-road, London, S.W.11. 
“* Crusilite ” silicon-carbide elements for electric 
furnaces. (ENGINEERING, page 280, ante.) Leaflet 
giving particulars and sizes available. 

11-kV Switch Unit. A. Reyro_te & Co. Ltp., 
Hebburn, Co. Durham. Ring-main and tee-off 
fuseswitch unit, three-phase 400-amp. oil immersed. 
Pamphlet 1281 gives details. 

Portable Fluorescent Flaw Detector. HANoviA LTp., 
Slough. Ultra-violet lamps for use with fluorescent 
inks’ to detect cracks and flaws. Mains or 
battery-operated models available. Leaflet giving 
details and applications. 

Germanium Junction Cells. STANDARD TELEPHONES 
AND CaBLEs Ltp., Warwick-road, Boreham Wood, 
Hertfordshire. Germanium junction-type photo- 
electric cells and rectifiers. Leaflet F/G1 giving 
capacities. Also booklet F/Apl.1 giving circuits 
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of response curves for type PSOA germanium 
junction photo-electric cell. 


Vernier Potentiometer. CROYDON PRECISION INSTRU- 
MENT Co., 116 Windmill-road, Croydon, Surrey. 
Precision vernier potentiometer, range 1-9 volts to 
1 micro-volt. Accurate to 1 part in 100,000 at 
1-volt setting. Leaflet No. 55 giving particulars. 

Thermocouple Potentiometer. CROYDON PRECISION 
INSTRUMENT Co., 116 Windmill-road, Croydon 
Surrey. Portable thermocouple potentiometer 
two ranges, 0-21 and 0-105 millivolts. Leafle 
No. 56 giving details. 

Insulating and Waterproofing Compound. MIDLANI 
SILicones Ltp., 19 Upper Brook-street, London. 
W.1. Silicone insulating compound M.S.4 
insulant, water repellent, oxidation inhibitant anc 
lubricant. Effective between —50 and +200 deg 
C. Inert and non-volatile. Pamphlet C6-2 gives 
full particulars and applications. 

Open Metal Flooring. FisHeR & LupLow L1tp., 
Bordesley Works, Birmingham 12. Open-work 
steel or aluminium for floors, gratings and plat- 
forms. Illustrated booklet giving particulars of 
sizes available, load bearing capacities, etc. 

Isolators and Earthing Switches. A. REYROLLE & Co. 
Ltp., Hebburn, Co. Durham. 132-kV_ rotary 
isolators and earthing switches. Booklet IOMS420 
giving installation, operation and maintenance 
recommendations. 

Pulverising Equipment. INTERNATIONAL COMBUSTION 
Propucts_ LTD., Woburn-place, London, 
W.C.1. Grinding and pulverising mills, screens, 
separators, filters and classifiers. Booklet G524 
giving general descriptions of types available. 
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BOOKS RECEIVED 


Report of the Technical Colleges and Industry 
Conference, Ashorne Hill, 1954. Federation of 
British Industries, 21 Tothill-street, London, S.W.1. 
(4s. 6d.) 

Gauge Making and Measuring. National Physical 
Laboratory Notes on Applied Science No. 5. 
Published for the Department of Scientific and 
Industrial Research by H.M. Stationery Office, 
Kingsway, London, W.C.2. (3s.) . 

Performance and Efficiency Tests with Exhaust 
Steam Injection. V2 Class, 3-cylinder, 2-6-2 
Mixed Traffic Locomotive, British Railways, 
Eastern and North Eastern Regions. The British 
Transport Commission, 222 Marylebone-road, 
London, N.W.1. (10s.) 


Technical Reports of the British Electrical and Allied 
Industries Research Association : 

The Economic Value of Hydrogen Produced by 

Wind Power. By A. H. StopHart. No. C/T111. 


(9s.) 

The Use of Wind Power in Denmark. By E. W. 
GoLpING and A. H. STopHART. No. C/T112. 

15s.) 

Gas-Blast Circuit-Breakers. Effect of Arcing on 
the Mass-Flow of Air through the Nozzle and on 
Nozzle Pressure. Third Progress Report. By 
A. A. Hupson. No. G/T275. (12s. 6d.) 

Factors Affecting the Temperature-Rise of Fuse 
Terminals. Fuses in Free Air Without Cases. 
By H. W. BAxTer and M. T. Cree. No. G/T283. 
(10s. 6d.) 

The Hollow Cathode Effect and the Theory of 
Glow Discharges. By P. F. LitrLe and A. von 
ENGEL. No. L/T306. (15s.) 

Offices of the Association, Thorncroft Manor, 

Dorking-road, Leatherhead, Surrey. 


Tables of Hygrometric Data for Air. Hygrometric 
Data for Air Conditioning Calculations together 
with Supplementary Data for Temperatures up to 
300 deg. F. Second edition. The Institution of 
Heating and Ventilating Engineers, 49 Cadogan- 
square, London, S.W.1. (10s.) 

Air Pollution: A Bibliography. By S. J. DAVENPORT 
and G. G. Morais. U.S. Bureau of Mines Bulletin 
537. The Superintendent of Documents, U.S. 
Government Printing Office, Washington 25, D.C., 
U.S.A. (1-75 dols.) 

Relationship between Coal and Black Oils in the West 
European Fuel Market. European Office of the 
United Nations, Palais des Nations, Geneva, Switzer- 
land; and H.M. Stationery Office, Kingsway, 
London, W.C.2. (3s. 9d.) 

Precision Laboratory Standards of Mass and Labora- 
tory Weights. By T. W. LasHor and L. B. 
Macurpy. U.S. National Bureau of Standards 
Circular 547, Section 1. The Superintendent of 
Documents, U.S. Government Printing Office, 
Washington 25, D.C., U.S.A. (25 cents.) 
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BRITISH ASSOCIATION MEETING 


YIELD POINT IN STEEL: 


ENGINEERING SECTION 


DINNER 
Continued from page 426 


At the second half of the meeting of session B 
on the morning of September 6 the chair was 
taken by Professor J. Greig, who invited Mr. G. 
Murray to deliver his paper on ‘“* The Yield 
Point in Steel.” This paper was published on 
page 366 of our issue of September 17. 

By invitation of the chairman, the discussion 
was opened by Professor Swift, who said it had 
been instructive to hear an explanation of the 
difficulties that metallurgists had had to face 
in their experimental work. They had found it 
difficult to visualise the causes and effects of 
dislocations, but had been able to appreciate 
the distribution of stresses, particularly the 
residual stresses, which arose from bending and 
other operations in deep drawing. There was 
now a method by which the residual stress 
distribution across a sheet of the thickness used 
in deep drawing could be investigated. He asked 
what was the order of the strains involved in the 
remedial treatments referred to in the paper. In 
temper rolling he thought it might be assumed 
that the amount of rolling necessary to overcome 
stretcher strains in a material having an elonga- 
tion of 2 per cent. would also be of that order. 
If the same remedy had to be obtained in the 
same material by roller levelling what surface 
strain would be required ? 

In reply, Mr. Murray said that in roller levelling 
the metal was forced to move slightly as each 
element passed through the machine and the 
plastic movement would move the dislocations. 
It was not necessary to produce either in temper 
rolling or in roller levelling, the same amount of 
plastic movement as occurred at the yield point. 
The yield point elongation might amount to 
7 per cent., and was certainly 5 per cent., but 
1 per cent. extension by temper rolling was 
sufficient to remove the yield point completely. 
He imagined that in roller levelling a plastic 
movement of the same order at the surface 
would be equally efficacious. 

Mr. A. P. N. Waligo, referring to the internal- 
stress pattern in temper-rolled steel illustrated 
in Fig. 9 of the paper, asked what was the mini- 
mum thickness of the steel sheet. He imagined 
that in the case of a sheet which was thin enough, 
the high tensile stresses near the surfaces would 
be brought into coincidence. Mr. Murray 
replied that he did not know the actual thickness 
of the sheet to which Fig. 9 related, but thought 
it was between 20 and 16 gauge. He agreed 
that the same form of curve would not be 
obtained with very thin sheets and thought that 
thicker sheets would give a still higher stress 
pattern. 

Mr. Bosworth Monck asked what was the 
order of thickness of the sheets used in motor-car 
body work and Mr. Murray replied that in the 
early 1930’s a thickness of 20 gauge was the 
general average and that was still the case. It 
was a convenient thickness and was controlled 
to some extent, he believed, by the fact that it 
was difficult to make the material thinner. Some 
parts of the bodies were probably heavier than 
they need be theoretically. Some of the very 
heavy forming operations could, however, be 
carried out rather more easily on sheets which 
were somewhat thicker than 20 gauge and the 
dies people had asked for an increase of gauge 
simply for this reason. If the material were 
too thin the press shop had rather more difficulty 
in manufacturing door panels. 

The next speaker, Mr. J. Duby, said he was 
very interested in the stretcher-strain markings 
which appeared on the motor-car door panel 
exhibited by the author and asked if experiments 
could be made with very rapid rates of pressing 
and whether the stretcher-strain markings would 
siill be in evidence. Mr. Murray answered that 
he could not be sure what would be the results 


with very rapid pressing, but for a normal 
increase of speed he believed it would generally 
be found that the stretcher-strain effect was made 
more pronounced by reducing the temperature 
or by increasing the speed. He thought that 
deeper stretcher strains would result from higher 
speed pressing, but he had little experience to 
guide him. Mr. Duby then referred to some 
work on dynamic straining in which the micro- 
structure of the material had been examined 
before and after the experiments; with static 
yield, slip lines were visible, but after the dynamic 
experiments no slip lines could be seen. The 
work was still in its early stages but he thought 
it might help to solve some of the problems that 
has been discussed. Mr. Murray said he would 
be interested to hear more of the work referred 
to, as the effects of speed and temperature were 
not well known at present. 

Professor Swift pointed out in this connection 
that a very high rate of strain did raise the upper 
yield point substantially. He believed what 
happened was that before yield occurred effec- 
tively, the stress rose to a high figure but after- 
wards fell again. It did not necessarily follow 
that the actual yield extension was greater with 
the higher speed. Mr. Murray then remarked 
that what Professor Swift had said illustrated the 
fact that until it had been discovered what caused 
the yield there had been much doubt as to what 
happened in different conditions. He hoped 
that now that we had a better idea of how yield 
occurred in the lattice of the metal our thinking 
would be clearer. 

The chairman asked at what temperature the 
so-called cold-rolling operation was carried out 
and Mr. Murray replied that it was done at the 
normal room temperature. He did not know 
the actual temperature of the metal leaving the 
rolls, but it was certainly not deliberately set above 
room temperature; if it were slightly higher, rapid 
age-hardening would occur. As an example, he 
mentioned that if the temperature were 100 deg. C. 
after rolling and the metal was then made into 
a coil and remained at the same temperature for 
a few minutes, very serious age hardening would 
occur. 

The chairman then thanked Mr. Murray for 
his paper, saying that he had interpreted the 
requirements of the Engineering Section of the 
Association in an admirable manner. He had 
not only presented the results of the work he had 
been doing very clearly, but had also given an 
exceedingly clear picture of the underlying 
physical phenomena. The session was then 
adjourned. 


ENGINEERING SECTION DINNER 

In the evening of Monday, September 6, the 
Engineering Section held an informal dinner at 
the Forum Restaurant, the President of the 
Section, Dr. Willis Jackson, F.R.S., taking the 
chair. The chairman expressed his pleasure 
at the presence of two past-presidents of the 
Section of very long standing, namely, Professor 
G. W. O. Howe, President in 1924, and Dr. H. E. 
Wimperis, President in 1939. He regretted that 
Sir Richard Southwell, F.R.S., President in 1938, 
was unable to be present, but welcomed Lady 
Southwell, and explained that Wing-Commander 
T. R. Cave-Browne-Cave, who was President in 
1948, had not been able to attend the meeting 
this year as he was recovering from an operation. 
Dr. Jackson welcomed several other members who 
had been enthusiastic supporters of the Section 
for many years, mentioning, in particular, 
Dr. A. P. Thurston. He also took the oppor- 
tunity of thanking the authors of papers presented 
to the Section, some of whom were present, 
adding that the Engineering Section differed from 
others in that it encouraged the younger men to 
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give papers. The papers by young authors, he 
said, were quite equal to those of previous years. 
He also expressed the thanks of the Section to 
those officers whose work had ensured its 
success, mentioning Professor W. Fisher Cassie 
(Recorder), Mr. R. Hiscock (Secretary) and 
Dr. J. D. Campbell (Local Secretary). 

On being invited to speak, Dr. Wimperis said 
that as a young man he had been much impressed 
by the erudition of the leaders of the British 
Association and had recommended young men 
to present to it any good work they might do. 
Professor Howe gave some interesting reminis- 
cences of his long connection with the work of 
the Association. He recalled that he had been 
Recorder of Section G when the Association met 
in Australia in 1914, and had continued in that 
office until he become President of the Section 
in 1924, in which year the meeting was held in 
Canada. He told some interesting anecdotes of 
both meetings. The dinner was a _ highly 
successful function and the hope was expressed 
that it would be made an annual event. 


To be continued 
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HARWICH RAILWAY QUAY 
REBUILT 


Handling Motor-Car Traffic 


Two years ago the Eastern Region began 
reconstruction work on the old eastern section 
of Parkeston Quay, Harwich, the work being 
done in such an order that normal business of 
the port continued unhindered. This portion 
of the quay was the first to be constructed, in 
1881, and is 1,800 ft. long and 100 ft. wide. 
British Railways Harwich to Hook-of-Holland 
ships, as well as those of the Danish service, 
normally berth there, and both the passenger and 
motor-car traffic have increased considerably 
during the past five years. 

The old form of construction consisted of 
timber decking and bearers carried on steel and 
wrought-iron joists spanning between piles. 
At the water front, the structure is carried on a 
double row of concrete cylinders surmounted by 
a heavy concrete wall. Behind this are rows of 
cast-iron screw piles with wrought-iron bracing, 
with the rear 40 ft. on timber piles. The 
concrete cylinders and cast-iron piles are in 
satisfactory condition and although the timber 
piles are generally sound, a small number at the 
— end are being replaced by steel box 
piles. 

The timber deck and wrought-iron joists are 
being removed and replaced by a new reinforced- 
concrete deck for the front 60 ft. width, the 
rear 40 ft., wherever possible, being repaired 
in its present form with recovered serviceable 
timber. In the new construction, sleepered 
track will be used on a ballast bed and finished 
to rail level with a macadam surface throughout. 

The dolphin at the east end has been replaced 
with a new one consisting of steel box piles and 
a concrete cap. A new fender system has been 
provided consisting of hanging timber fenders 
mounted through rubber springs on to reinforced- 
concrete buttresses and walings. This system 
has been developed to accommodate ships up to 
5,000 tons. 

In order to facilitate the Customs examination 
and clearance of motor cars at the quay, a new 
car examination shed has been completed by the 
authorities. A new garage, 125 ft. long by 
40 ft. wide, has also been erected. The site 
for the examination shed is adjacent to the level 
crossing at the road entrance to the quay and the 
new garage has been erected to the south of that 
site. With these new facilities, it is now possible 
to deal with six cars simultaneously in the 
shed, which is 120 ft. long and 47 ft. wide. In 
addition, office accommodation has been pro- 
vided for Customs and Immigration Officials, 
Automobile Association and Royal Automobile 
Club port officers. 





FILMSETTING’ 


PHOTOGRAPHIC COMPOSITION OF READING MATTER 
BY MACHINE 


By George Westover, B.SC. (ENG.) 


Comparatively recently, since the advent of 
photography to be more precise, there have 
emerged a number of printing processes in which 
the “ relief’? feature of metal type is of no 
importance or consequence. By “relief” is 
meant the amount by which that portion of the 
type which is inked and printed stands above the 
surrounding surface. The most important of 
these new printing processes are offset-photo- 
lithography and photogravure, and the essential 
requirement of both is a transparent proof of 
the reading matter to be reproduced. This 
proof, or transparency, is then printed down by 
photographic processes on to plates or cylinders, 
which take the place of the metal type, stereos or 
electrotypes used in the better-known letterpress 
printing process. The function of the filmsetter 
is to produce such transparencies by purely 
photographic means. 

The subject of this paper is assumed to be 
confined to filmsetting problems from an engi- 
neering viewpoint, but in order to make my 
comments intelligible to engineers and others 
who may not have had any previous dealings 
with the printing trade, it will be necessary for 
me frequently to refer to, and occasionally to 
explain, quite a number of terms and processes 
special to the craft, so much so that it may appear 
to some of my listeners that I have mislaid my 
brief. I assure them in advance that such is not 
the case; also that I am an engineer by qualifi- 
cation, and not even a printer by courtesy. 

Filmsetting is the name now being adopted to 
define a relatively new process, whereby reading- 
matter is composed by photography, without 
the use of metal type. As reading-matter is 
frequently referred to as ‘‘ type,’ and as other 
printing processes are also known as “ photo- 
composition,” it is easy to see that a certain 
confusion of terms already exists, and will 
continue to exist until proper discrimination is 
made in the nomenclature to be adopted. By 
accepting the above proposal, the two compar- 
able processes for the automatic composition 
of reading-matter can be conveniently referred 
to as typesetting and filmsetting. 


TYPESETTING AND FILMSETTING 
MACHINES 

Typesetting machines have been in operation 
for about seventy years, and the most familiar 
makes are the Linotype, Monotype, Intertype 
and Typograph, the last-named being mostly 
used on the Continent of Europe. All four 
machines are of American origin, but are now 
manufactured in other countries as well. These 
four are the sole survivors of many more makes, 
but it is generally recognised that these four 
survivors between them possess ample facilities 
with which to meet the world demand for type- 
setting machines, and it is improbable that 
there are any revolutionary designs of others 
on the drawing boards at the moment. 

Filmsetting, as an invention, started at the 
end of the Nineteenth Century, the first patent 
on record having been granted in the United 
States of America ‘Two or three years later, 
in 1895, the first United Kingdom patent was 
granted to Friese-Greene, of cinematograph 
fame. From that time onwards, patents have 
been issued in ever-increasing quantities in 
several countries, so that there now exists quite a 
collection of them: however, extremely few 
ideas have been translated into metal. Many 
of them were hand-operated, but this paper 
deals only with filmsetting machines, which 
are keyboard operated, and project automatically. 


* Paper delivered before Section G of the British 
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It was not until 40 years or so after the first patent 
was granted, that a practical working model was 
produced; this was the Uhertype, invented by 
an Hungarian and developed in Germany, and 
it was not until some ten years later still (that is 
less than ten years ago) that the first automatic 
filmsetting machine was installed at a printers. 


COMMERCIAL FILMSETTING MACHINE 


That was a Fotosetter, installed in 1946, at 
the Government Printing Office in Washington, 
U.S.A. To-day (I am writing these notes in the 
middle of May) there are certainly not more 
than four makes of automatic filmsetting 
machines even claimed by their sponsors to be 
developed up to the stage of commercial opera- 
tion, and by far the overwhelming majority in 
actual use consists of one single make, the 
American Fotosetter mentioned above. More 
than 100 machines are said to be installed in 
America. The other makes are known as 
Monophoto, Photon and Rotofoto, in alpha- 
betical order, but not in order of appearance. 

The Fotosetter is based on the Intertype 
typesetting system, by which is meant that it 
resembles an ordinary Intertype hot-metal 
machine, converted to photographic operation. 
Monophoto and Rotofoto are both British 
machines, and both are based on the Mono- 
type typesetting system. Photon is an American 
exploitation of an invention by two Frenchmen, 
and is based, not on any known typesetting 
practice, but on entirely original lines. From 
the academic viewpoint, the design of the 
Photon, which embodies electronics and memory 
units, is much more modern than any of the 
others mentioned, but it has yet to be proved 
how it will behave when installed on the 
printer’s premises and operated by his em- 
ployees. That, after all, is the test for design 
of any filmsetter, and is not restricted to 
Photon, but whereas the printer may reasonably 
be expected to be familiar with typesetting 
practice, on which the other three designs are 
based, it is unsafe to assume that his knowledge 
of electronics and memory units is up to the same 
standard. 

There are other designs, both on the drawing 
board and in varying stages of development, of 
which that of the Mergenthaler Linotype 
Company, of New York, is believed to be the 
most advanced. The prototype of this machine 
was shown in New York for the first time, less 
than a month ago, but the preliminary announce- 
ments in the trade Press are not sufficiently 
detailed to warrant any revision of these notes 
at this stage. It is, however, hoped to include 
some ‘“Stop-Press news,” before the paper 
is actually given or printed. Moreover, it 
would be wrong to assume that Germany will 
stop at the Uhertype, or that she will not make 
another bid to enter the world market for film- 
setting machines: her pre-war record of achieve- 
ment in the fields of print, type design and 
photography, make her early re-entry almost a 
foregone conclusion. 


DELAYS AND DIFFICULTIES 


Apart from two world wars, and the usual 
difficulty which is supposed to be the fate of all 
inventors (I refer to the difficulty of finding 
someone to back their projects), it is not at all 
easy to find any adequate reason for the very 
considerable delay in bringing filmsetters up to 
the present stage. Fundamentally, the two main 
systems of typesetting, Linotype and Monotype, 
presented quite different problems, when attempts 
were first made to convert them to photographic 
operation. In the case of the Linotype system, 
developments hung fire for a good many years 
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until the Intertype Corporation discovered 
and acquired a master negative, in which the 
individual character was located on the flat of 
the matrix, instead of on the edge, as is nornial 
for type-casting. By the irony of fate, the 
same system of locating the character on the 
flat, instead of on the edge, had been used 
on the Stringer typesetting machine—one of 
the many that failed to survive. The idea 
arrived too late for typesetting, but in- ample 
time to give the Fotosetter a substantial lead in 
filmsetting, which it has maintained to this day, 

The corresponding stumbling block in the way 
of converting the Monotype system, lay in the 
difficulty of locating a multiple master negative 
with sufficient accuracy, during exposure. The 
existing practice of locating Monotype matrices 
during casting is by means of centring pins and 
cone holes, but obviously such a method could 
not be applied to master negatives made of glass. 
The difficulty was aggravated by the fact that the 
common axis of the centring pin and cone hole 
coincided with the optical projection axis, and 
it was not until Rotofoto hit upon the idea of 
locating the multiple master negative by means of 
racks and V-bars at right angles that this obstacle 
was sucessfully overcome. The same system of 
master-negative location is also employed on the 
Monophoto. 

No doubt, Photon in America has had its full 
share of problems, inherent to its own design, but 
very little evidence is forthcoming to indicate the 
form which these problems took. The auto- 
matic composition of reading-matter in any 
medium is a very complicated business, and there 
is no reason to believe that Photon’s experience 
in working on entirely original lines differed from 
any of the others in the matter of obstacles to 
be overcome. But they have been overcome, 
and we can now pass on to some of the problems 
common to all systems of filmsetting, and indicate 
in a few cases, the various ways in which they 
have been solved ; but first of all, a word or two 
about printers and engineers. 


PRINTERS AND ENGINEERS 


Printers frequently work to an accuracy of 
0-001 in., but engineering terms, such as “‘ limits ” 
or “‘ tolerances,” mean nothing to them. When 
the engineer tries to convert their standards, say, 
into inches, he soon finds that three places of 
decimals are inadequate in which to express 
many of them, as for example, the point sizes 
of types in everyday use, and that a fourth 
decimal place is essential. He also discovers 
that printers’ standards vary, not only in different 
countries, but also in different parts of the same 
country. For instance, the height of type in every- 
day use at the Oxford University Press is the 
same as that in the U.S.S.R., but differs from 
that at the Cambridge University Press: not 
just different, but a matter of 0-02 in. Again, 
the standard sizes of type at the Cambridge 
University Press are the same as those at Cam- 
bridge, Massachusetts, which happens to be in 
the United States, but the standards in North 
America are much smaller than those in South 
America: the ratio is 31 North to 29 South. 

These sizes are not known as North and 
South units, but by strange terms in the printers’ 
own language, such as “ true points ”’ or “‘ didot 
points,” or sometimes, just ‘‘ points.” Similarly, 
lengths of lines of reading-matter are measured 
in “ pica-ems ” or “ ciceros,” or sometimes, in 
just “‘ems.” There are 29 ciceros to 31 pica 
ems, but the engineer would refer to them both 
as 5-15 in. When the engineer, with filmsetting 
ambitions, has studied all of the standards (as 
I have had occasion to do), he suddenly becomes 
aware of one big advantage filmsetting has over 
type-setting. There is no need for him to worry 
about all the different body sizes and type- 
heights of expensive moulds, as his typesetting 
colleagues have to do, because, in the first place, 
he requires no moulds, and in the second place, 
because filmsetting is not in the least concerned 
with such idiosyncrasies. Type-height is non- 
existent in photographic images, and it is such 
a simple matter to change the image size, or the 
length. of the line, by focusing. The first real 





RING 


covered 
rich the 
> flat of 
normal 
ate, the 
on the 
>n used 
-one of 
1e idea 
|- ample 
lead in 
his day, 
the way 
yin the 
legative 
ep. The 
natrices 
ins and 
d could 
of glass. 
that the 
ne hole 
‘is, and 
idea of 
eans of 
ybstacle 
stem of 
on the 


its full 
gn, but 
ate the 
> auto- 
nm any 
d there 
erience 
d from 
cles to 
rcome, 
oblems 
idicate 
h they 
or two 


acy of 
mits ” 
When 
S, Say, 
ces of 
xpress 
t sizes 
fourth 
covers 
ferent 
- same 
every- 
is the 
from 
> not 
\gain, 
bridge 
Cam- 
be in 
North 
South 
] 


| and 
nters’ 
didot 
larly, 
sured 
es, in 
pica 
both 
etting 
Is (as 
omes 
- over 
NOITY 
type- 
stting 
lace, 
lace, 
srned 
non- 
such 
r the 
t real 


ENGINEERING October 8, 1954 


problem he has to tackle is that of “* justification.” 
| will explain. 


‘¢ JUSTIFICATION ” 


Justification is a process as old as printing 
itself, and my considered judgment, as an 
engineer, is that it will continue to be practised 
just so long as any printers survive to insist upon 
it. It was probably inspired by the idea, good 
or otherwise, that the printed page produced by 
Gutenberg 500 years ago, from the new movable 
type which he had just then invented, should 
resemble the hand-wrought manuscript, with 
which it would inevitably be compared. It 
should therefore be made up of complete lines 
of reading-matter, without a lot of ragged spaces 
down the right-hand margin. This was achieved 
by adding equal amounts of spacing material to 
the spaces tentatively set between the words in 
the line, until the last character of the last word 
reached right up the end-piece, and so filled the 
composing stick. That process is called “‘ justi- 
fying” and lines so treated are. known as 
‘justified lines.” The operative terms are 
“equal spaces ’” and “‘ between words.” I will 
come back to them later. Practically all reading- 
matter in print is justified: practically all type- 
written reading-matter is unjustified. Print need 
not be justified, but in such cases, it is still neces- 
sary to fill out all lines to the same length, by 
adding spaces after the last word, instead of 
spaces between words: otherwise it would be 
impossible to lock-up the type for printing. 
Practically all poetry in print is unjustified, but 
the type lines are filled out with spaces after the 
last words, to make them all equal for the purpose 
of locking up. 

So far as the reader is concerned, he is quite 
unbiased: he can read with equal facility, print, 
poetry or type-written matter, whether it be 
justified or not, and so far as filmsetting as a 
process is concerned, justification is an entirely 
redundant operation, because there is no ques- 
tion of locking-up, and in fact, no lock-up is 
possible. 

Justification by Machinery.—Now the trouble 
with justification is that the conditions which 
govern it for any line are not known until after 
the line has been set: in other words, until then, 
the amount of surplus space and the number of 
inter-word spaces, among which it is to be 
equally divided, are both unknown quantities, 
and yet the signals that control the finished size 
of the inter-word spaces have to be sent before a 
start can be made to photograph the line. No 
means have yet been invented to increase spaces 
between latent images in a photographic emul- 
sion, and so there is no alternative to two distinct 
operations for each line, one for composition 
and the other for photography. 

In short, the net result of the printers’ insistence 

on justification is that it is impossible to design 
a filmsetter, in which the depression of a key 
photographs a character, in the same manner as 
the depression of a key types a character through 
the ribbon of a typewriter. In all filmsetters, 
depression of the keys composes characters and 
spaces into a line, in some medium or other, 
be it in fotomats, record strip, tape or memory 
units. (Fotomats are individual master nega- 
tives, corresponding to circulating matrices in 
Linotype and Intertype typesetting machines.) 
In no case does the depression of the character 
keys photograph the characters: photography 
must be a separate and subsequent operation, if 
the line is to be justified. 
_ 1 am not advocating the abolition of justi- 
fication—far from it—but I am wondering how 
many printers realise that the new process of 
filmsetting presents a wonderful opportunity to 
dispense with this complicated and costly 
operation. Even if all printers realised it, the 
result would be the same, justification is more 
than an idiosyncrasy, it is part of a printer’s 
religion, and filmsetting is well and truly con- 
cerned with it, whether it is needed or not. 

Solutions to the Problem—There are ample 
data available as to ways and means by which 
the problem of justification has been solved on 
Previous occasions, for example; in typesetting 


machines. Only two systems of machine justi- 
fication have survived, and both are of American 
origin. The Linotype, Intertype and Typo- 
graph machines all adopt one system, based on 
the use of Schuckers’ double-wedge space-band, 
invented in 1894. The Monotype adopts the 
other system, invented a few years later. The 
obvious course was therefore to investigate these 
two existing systems, both of which have proved 
their commercial value over the years, and for 
which the patents have long since expired. This 
course was successfully followed by both British 
filmsetters, Monophoto and Rotofoto, and both 
employ the Monotype justification system without 
any alteration whatsoever. Both filmsetters 
produce lines of perfectly justified images, the 
surplus space in the lines being distributed 
equally, and exclusively, between words. None 
of the surplus space is distributed between 
characters. 

The American filmsetter designers do not 
appear to have been so lucky, and in one case, 
the Fotosetter, it has been necessary to compro- 
mise. In both American systems, the normal 
practice is tentatively to set equal spaces between 
the words in the first instance, and then to divide 
the surplus space equally between words and 
characters. If the line breaks awkwardly, and 
the surplus space is excessive, this is reduced by 
increasing all the equal, but tentative spaces, 
before the balance of the surplus space is distri- 
buted. The widest possible, but still equal 
inter-word spaces are substituted for the narrower 
spaces, which resulted in the excessive surplus. 
This substitution is a hand operation in the 
assembled line of fotomats, or master negatives, 
in the Fotosetter, and is performed before the 
line is photographed. In the Photon, the inform- 
ation recorded by the memory unit has to be 
revised, by tapping additional keys, because 
there is nothing tangible in a continuously rotating 
multiple master negative to correspond to a 
stationary assembly of individual fotomats. 


SEPARATE AND INTEGRAL KEYBOARDS 


It would take too long to describe in detail 
just how the various systems of justification 
function, but briefly the outcome is as follows. 
The two British filmsetters depend on the use of 
keyboards, which are entirely separate mech- 
anisms, and indeed separately operated. The 
justification signals are the last signals in any 
line to be added to a record strip in the keyboard, 
and this record strip is then reversed, and fed 
into the filmsetter, which is entirely controlled 
by it. The same justification signals, by the 
above reversal of the record strip, become the 
first signals to be presented to the filmsetter, 
which in effect is a photographic projector. The 
record strip is a paper ribbon, perforated rather 
like a Pianola roll, according to the popular 
description, and it can be stored away as a file 
copy or permanent record, for use at any time, 
or for “* repeats.” 

The two American filmsetters both combine 
their keyboards with their machines, of which 
they form integral parts. The Photon employs 
electronically-operated memory units to store 
the same information as the record strip de- 
scribed above, but.in this case, only temporarily, 
between the keyboarding and the photographic 
operations for each line. The Photon filmsetter 
only requires a very short “‘ memory,” since the 
time interval between keyboarding and photo- 
graphy in this particular system, is one of the 
factors in output, and must therefore be kept 
down to the minimum: a memory unit is in no 
sense a permanent record. 

The Fotosetter, being the only filmsetter of the 
four versions to make use of individual master 
negatives, has no need for record strips or 
memory units. The fotomats themselves serve 
the same purpose. The fotomats, one for each 
character and space in the line, are assembled 
automatically as tapped out on the keyboard, 
and the completely assembled line of fotomats 
is then available for reading and checking by 
the operator, before he makes the signal to pass 
the line to be photographed. It is at this stage, 
between assembly and photography, that the 
inter-word spaces are changed by hand, when 
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there is excessive space left over at the end of the 
line. The justification mechanism then takes 
charge of this surplus space, and divides it equally 
over all the characters and spaces in the line. 
Photon normally justifies on the same principle, 
but by entirely different methods, which I doubt 
if I am qualified to explain. However, the result 
could be the same in both American filmsetters, 
viz., a compromise, in which word spacing is 
combined with letter spacing, but it takes an 
expert to see the difference between such a 
compromise and true justification, except on 
narrow measures, when in point of fact, the use 
of letter-spacing combined with word-spacing 
may easily be an advantage. 


MASTER NEGATIVES 


The Fotosetter, as already mentioned, is the 
only filmsetter to employ separate master nega- 
tives, where each individual master negative 
corresponds to one character, or space, This 
practice involves the provision of duplicates 
to the extent to which the same character may be 
repeated in three or four lines. There will 
therefore be so many more fotomats of certain 
characters, such as aeist than of others such 
as q Xz, in precisely the same way and to the 
same extent as in typesetting practice on Lino- 
type and Intertype machines. Photon employs 
a continuously rotating circular disc, on which 
are reproduced as many as 1,400 individual 
characters, without any duplicates. This is the 
equivalent of 16 ordinary typewriters. Mono- 
photo adopts a rectangular glass master negative 
containing about 250 characters, and Rotofoto 
a square master negative, with about 220. In 
the Photon, Monophoto and Rotofoto master 
negatives, no duplication of any characters occurs, 
so that the comparison of the figures quoted 
above gives a true indication of their respective 
capacities. 

In all photographic systems, it will be necessary 
to provide at least two master negatives or sets 
of fotomats to cover the complete range of sizes, 
if anything approaching facsimile reproduction 
of existing type-faces is intended. The ratio of 
width to height of any character in the same type- 
face is generally 20 to 25 per cent. greater in the 
smaller sizes, whereas the ratio is constant for 
all sizes projected from one master negative. 
In other words, the degree of enlargement or 
reduction in the filmsetter does not change the 
proportions of the characters: the proportions 
are determined by the master negative. If the 
printer wants wider characters (by proportion) 
for the smaller characters in any type-face, he 
must have another master negative with wider 
characters in the first place. 


CORRECTING SET MATERIAL 


The next problem is that of corrections, and 
this must be faced by the engineer from the 
start, since any apparent saving of time, material 
or costs in the earlier projection stages may be 
easily wiped out, and indeed, reversed, if correc- 
tions have to be made by hand in the final stages. 
The later the corrections are made, the more 
expensive do they become, both on account of the 
skill involved in avoiding scrap (which is not 
always successful), and also of the time required 
to make them. This matter of corrections in 
filmset material is the one which intrigues the 
average printer most. The probability is that 
he has never experienced anything in the exercise 
of his craft to correspond to this operation: to 
the average printer, the replacement of images on 
photographic emulsions is something quite 
new, like electronics and memory units. Let 
us examine the problem. 

Not only must a replacement line of images 
be a ‘“ mechanical” facsimile of the faulty line 
which it replaces—by which I mean that the 
respective overall dimensions, alignment, size 
of the type-face and measure must all be identical 
in both cases—but it must also be a “* chemical ”’ 
facsimile as well. In other words, the replaced 
and replacement lines must both match in photo- 
graphic density (or colour, as it is termed) and 
in definition. Finally the join between replace- 
ment and other lines must not show on the 
printed sheet. It is quite a simple matter, when 
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demonstrating any correction system, to blank 
out lines from one piece of processed film, and 
to transpose them, with perfect results: it is quite 
easy from two or three pieces of film, from the 
same batch, projected under identical conditions 
of lighting, lens aperture and exposure, with the 
same machine settings and with the same pro- 
cessing, but it can be quite another matter to 
make indistinguishable corrections when these 
conditions have not been observed. 

To what extent it is reasonable to expect the 
printer to plan his filmsetting to meet these 
conditions is a matter of opinion, but very few 
designers of filmsetting systems seem to have 
realised that such conditions are bound to be 
the exception rather than the rule. The only 
way in which these ideal conditions can be 
reproduced in everyday practice is by standardis- 
ing the entire sequence of photographic opera- 
tions, by installing voltage and temperature 
controls to govern the lighting and processing, 
and it would be false economy on the printer’s 
part to make any attempt at filmsetting without 
such appliances to eliminate the ‘ variables.” 
There is nothing exceptional in insisting on 
such controls for standardising all photo- 
graphic operations, but the majority of printers 
in this country do not possess photographic 
departments; the comparatively few printers 
who operate photographic processes will, no 
doubt, endorse both the wisdom and necessity 
of this step, which in all probability, they will 
already have taken. 

If these precautions are taken, the correction 
of filmset reading-matter becomes a practical 
proposition, but without them, the chances of 
regular success are extremely remote. Only 
two of the four filmsetting concerns have declared 
any policy on this most important subject: the 
other two claim to be working on various types 
of equipment to simplify the making of correc- 
tions, but few details are available for publication. 
The opinion is ventured that very little progress 
will be made in any filmsetting system in which 
the policy towards corrections is allowed to 
remain vague and indefinite: the continued 
hesitation of some makers to declare their 
policies only serves to increase the printers’ 
doubts as to the stage of development of their 
particular filmsetting systems. You cannot get 
far in printing, without having to make correc- 
tions. 


CORRECTION SYSTEMS 


The two systems which are already committed 
to policies for corrections are the American 
Fotosetter and the British Rotofoto. The Foto- 
setter works on the blanking-out principle, using 
perforations punched in the film while the line 
is located on the optical projection axis in the 
filmsetter: the perforations at the ends of all lines 
enable them to be located with extreme accuracy 
during the subsequent blanking operation. It 
should also be pointed out that the Fotosetter 
possesses one advantage in the matter of correc- 
tions, which is denied to the others. ‘ Literals,” 
or wrongly keyboarded characters, can be seen 
and changed before the assembled line of 
fotomats is photographed. When necessary, 
this operation is performed by hand, and before 
the inter-word spaces are changed in those lines 
which also show excessive surplus space. 

Rotofoto differs from all the other systems, in 
that it works on the double-projection principle. 
The first stage is to project from single characters 
into justified lines in column form on 35-mm. film, 
and the second stage is to enlarge these lines, 
one at a time, up to the specified size, by-passing 
all lines that are faulty. At least two lengths of 
35-mm. film are projected in the first stage, one 
for the reading-matter as keyboarded, and the 
other for replacement lines only. The second 
stage projector is, in fact, an enlarger, equipped 
with focusing facilities and with a five-station 
turret head, to enable any preselected line from 
any of five lengths of 35-mm. film in the turret 
stations to be brought to a common projection 
station and enlarged to any specified size, spacing 
and lay-out in the final transparency. Faulty 
lines on any of the five lengths of 35-mm. film 
are not projected, but by-passed. This system 








avoids all blanking or cutting of any film, in 
which respect, it is at present unique. 

Correction Units.—The correction unit in all 
four systems is one line: in other words, no 
attempt is made to correct by individual charac- 
ters, or even by words. To do so would upset 
the justification of the line containing the faulty 
character or word, unless it so happened that the 
replacement character or word were of exactly 
the same width. Even so, the difficulties of 
matching-up would condemn the suggestion, 
in practice. 

Photography.—On the other hand, in all four 
filmsetters, each character and space is exposed 
separately: in this case, no attempt is made to 
photograph a line at a time, as was done in 
some of the early models. It has been pointed 
out that in the second stage in the Rotofoto 
system, a line at a time is photographed, but 
projection in the first stage is by one character 
at a time, precisely as in the other three systems. 
The choice of exposure and correction units 
may seem paradoxical to the printer, by com- 
parison with ordinary typesetting practice, with 
which he is already familiar. For instance, 
Intertype casts one line at a time in metal, but 
their Fotosetter projects one character at a time 
on film: Monotype corrects one character at a 
time in metal, but their Monophoto corrects one 
line at a time on film. 


OPTICAL SYSTEMS 


There is a considerable diversity of opinion 
among designers on the subject of optical systems 
best suited to the process of filmsetting, and the 
focal lengths of the lenses employed vary from 
1 in. or thereabouts, to 10 in. Reflectors and 
prisms are also used in some cases. Two of the 
designs employ movable films, with fixed optical 
systems, and the other two move elements in 
the optical systems but keep the film stationary 
all the time, except during the interlinear feed, 
i.e., from one completed line of images to the next. 
The film is stationary in all four systems at the 
moment of exposure, and it does not appear to 
matter much which particular element is moved 
for the character feed, so long as the necessary 
relative movement between the focal point and 
the sensitised surface is provided. In any case, 
something has to be moved, otherwise there 
would be no feed. 

Rotofoto and Fotosetter both employ the 
stationary optical system, but Monophoto and 
Photon both favour the stationary film: the 
printer can therefore take his choice. Foto- 
setter and Photon, the two American designs, 
both use assemblies of lenses, eight in one case 
and twelve in the other, mounted on turrets, in 
order to make provision for focusing with a 
fixed object-image distance for all sizes. Mono- 
photo uses a single lens, mounted so that it can 
be swung over from the object side to the image 
side of an assembly of two 180-deg. prisms. 
A further element, consisting of two 45-deg. 
reflectors, mounted at right angles, completes 
the optical system. By varying the distances 
between the two 180-deg. prisms and between the 
prisms and the lens, and by swinging the lens 
over from one side of the prism assembly to the 
other, as described, it is possible to project in 
correct focus, the required range of point sizes, 
while still maintaining the same distance between 
the object and image planes, within compara- 
tively narrow limits. The character feed is 
arranged by moving the double reflector element, 
under the control of the record strip already 
mentioned. In the Rotofoto first-stage pro- 
jector, a single lens at fixed focus is used to reduce 
the image of the character on the master negative 
to make it suitable for 35-mm. film, and the 
second-stage projector uses a single lens to enlarge 
the 35-mm. image to the required size for the 
final transparency. The second-stage projector 
is sometimes equipped with a second lens, for 
convenience of operation. 


SPEEDS 


The speeds of photography also vary consider- 
ably—from two characters per second in the 
Rotofoto machine, to seven or eight per second 
in the Photon—but such figures are no criterion 
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as to the potential outputs of the respective 
film-setting systems: the actual photography 
is only one operation in a sequence, and takes 
no account of the time interval between the 
exposures of adjacent lines. The time interv:| 
or gap between lines enters into the output 
calculations, and this is least in the Rotofoto 
system, in which it is of the order of two characters 
per line, which may be an interval of three or 
four per cent. of the line exposure period. Ii 
may well be over 200 per cent. under certain 
conditions in at least one other system, as, for 
example, when inter-word spaces have to be 
changed by hand; the “rate of exposure” 
figures should therefore be viewed with extreme 
caution. 

Other Details.—It is recognised that reference 
to several other problems in filmsetting have had 
to be omitted on account of the time limit, among 
these being the feed mechanisms for the films or 
optical elements to ensure the correct inter- 
character and inter-word spacing, but it is 
necessary to draw the line somewhere. It is 
hoped that comments already made will leave 
no doubt in the listeners’ minds that the process 
of filmsetting is well under way. It is significant 
that the three leading makers of typesetting 
machines are now turning their attention to 
filmsetters, not with any intention of superseding 
their existing products, but for the convenience 
of the ever-increasing numbers of printers who 
operate printing processes dependent on the 
provision of transparencies for their functioning. 
Unfortunately no comparative data of opera- 
tional costs of the two setting processes are yet 
available, but users in America will soon be ina 
position to furnish such figures, based on their 
Own experience. 


OPERATING TIMES AND COSTS 


In the meantime, praise is due to the Principal 
of the London School of Printing and Graphic 
Arts for his very helpful lead in this country, 
in publishing full details—times and material 
costs—of all jobs carried out in the school on 
one of the British filmsetting systents which has 
been installed there for experimental purposes. 
The times published include all operations from 
the receipt of the copy to the delivery of the 
final page transparencies, ready for printing 
down, so that all the printer has to do is to 
insert his own rates of pay for the man-hours 
indicated, and to add his own overhead figures, 
to arrive at the total cost. This example of 
free enterprise on the part of the Principal has 
been in the nature of one-way traffic so far, but 
it is hoped that users of other filmsetting systems 
will reciprocate in due course, although it is 
realised that the process is of such recent 
introduction that some time must elapse before 
any figures approaching finality can be expected 
for any of them. 

This brief outline will, 1 hope, have given the 
listener a fair idea of the position of filmsetting 
to-day. What it will be in another 20 years time, 
or even ten, is not for me to forecast, but the 
generally accepted opinion of the trade is that 
filmsetting has come to stay. The fact that I 
have accepted the invitation of your committee 
to address you on the subject to-day, is definite 
proof that I share the generally accepted opinion 
of the printing trade and so, on this occasion at 
least, the printer and the engineer see eye to eye. 


Correspondence on this British Association 
paper will be considered for publication in 
“sé Engineering.” 

x k& * 


MINIATURE EQUIPMENT AT 
SUB-STATION 


Miniature control equipment, using telephone- 
type apparatus is being installed by Standard 
Telephones and Cables, Limited, Aldwych, 
London, W.C.2, for local operation of the 
6:6-kV substation at Guildford. Semaphore- 
type keys with built-in lamps are being used, and 
the interposing relays are contained in wall- 
mounted boxes behind the switchgear. Operation 
is from a 50-volt battery. 
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MEDICAL PROBLEMS OF THE 


AIRCRAFT 


ENGINEER’ 


VIBRATION, NOISE, TOXIC SUBSTANCES, 


PRESSURE 
By Wing Commander F. 


There are three major health hazards which the 
aircraft ground engineer has to face: the effects 
of vibration, the handling of toxic substances 
and the ground testing of pressure-cabin installa- 
tions. 

Vibration can be sensed by the human 
organism in two ways, either by a physical 
perception of movement or by air conduction 
in the form of noise. The elastic constants of 
the different parts of the body vary considerably 
(bone, cartilage, etc.). The physical response to 
vibration depends, therefore, on the body’s own 
natural frequencies, and also a damping factor 
which can be changed consciously or uncon- 
sciously by muscular tension. The part played 
by frequency in the method of perception of the 
vibration by the body is illustrated in the 
following table :— 


Perception of Vibration by the Human Body 





Stimulus frequency Effect 





Slow oscillations Motion sickness 


(iess than 20 c.p.s.) 


Tactile sensations 

Local tissue effects 
(40-125 c.p.s.) 

Visual effects (50-80 c.p.s.) 

Fatigue and distraction 


Low frequencies 1-1,000 c.p.s. 


Medium frequencies 
20-20,000 c.p.s. 


Ultrasonic (above 20,000 c.p.s.) 


Auditory perception 


Thermal effects 
Cavitation 











The vibrations in which the aircraft main- 
tenance engineer is primarily interested are those 
emanating from aircraft engines under ground- 
test conditions. In reciprocating engines, approxi- 
mately 50 per cent. of the vibration and noise 
arises from mechanical causes, and the remainder 
is due to the exhaust noise and the aerodynamic 
noise at the propeller tip-passage frequency. The 
intensity rarely exceeds 125 db., with the peak in- 
tensity for reciprocating engines occurring usually 
between 75 and 150 c.p.s. In gas turbines, the 
noise intensity is roughly proportional to the 
eighth power of the jet velocity. The reaction of 
combustion produces a “ white”’’ noise with a 
peak at pipe resonance. Vibration also ensues 
from the turbulence in the boundary layer 
between the mass of rapidly-moving gas issuing 
from the turbine and the surrounding air. 
Similar noise spectra are produced by athodyds 
and rockets. 

There is a limit to the lowest frequency and the 
highest frequency produced by boundary-layer 
phenomena as the thickness of the boundary 
layer determines the maximum amplitude of the 
moving particle and hence its frequency. Fig. 1 
indicates roughly the intensity frequency spec- 
trum for the two types of engines. It can be 
seen that the noise spectrum produced by 
turbulent air flow in jet engines is of the convex 
type, highest in the 50-2,000 cycle range and 
falling steadily with each succeeding octave so 
that at 10,000 cycles the level is 20 db. lower. 


LOW FREQUENCIES 


The response to low frequencies varies with 
the individual. The sensations observed have 
been listlessness, lack of concentration with an 
increased liability to errors, and fatigue. On 
the other hand, if the intensity of the stimulus 


* Lecture delivered before the Society of Licensed 
Aircraft Engineers, at Farnborough, on Monday, 
September 6. (Abridged.) 

t+ Wing Commander Latham is with the R.A.F. 
Institute of Aviation Medicine. 


EFFECTS 
Latham, M.D., B.SC.t 


is high enough, a state of alertness may be 
produced and the task may be performed 
adequately by a greater personal effort. The 
stimulus may reach the subject through the seat 
of a chair in proximity to an engine under test, 
or through the limbs during the operation of 
powered tools. Since the second World War, 
production methods, particularly in the aircraft 
industry, have required the increased use of small 
portable machine tools. Those with high 
amplitude vibrations, 40-125 c.p.s., may have 
some effect on the body, particularly if the tools 
are in constant use. As a result of war-time 
investigations of large numbers of industrial 
workers, recommendations have been made on 
the technique of operating certain types of 
power-operated tools. 

Low-frequency vibrations applied to the body 
generally may produce two types of visual effect, 
one associated with vibration of the environment, 
and the other due to oscillation of the eyeball. 
At frequencies between 50 and 80 c.p.s. the 
eyeball tends to vibrate in its socket and cause 
blurring of vision. The eyeball, supported by 
its surrounding fatty tissue, oscillates at its 
own natural frequency and achieves a greater 
amplitude than that of the skull at these 
frequencies. 

Generally, it can be stated that the lower 
frequencies are more liable to produce mechanical 
difficulties with localised effects on the body. 
The remedy is clearly to cut down the amplitude 
of vibration by better construction of test beds, 
or by anti-vibration mountings. 


AUDIO-FREQUENCIES 


There is a widely-held opinion that noise may 
be responsible for loss of efficiency and increased 
liability to accidents, and also that it may 
precipitate psychological disorders. There is 
very little objective evidence on this matter 
and noise per se does not consistently affect the 
output of work or give rise to variations in 
psychomotor performance. Examples do, how- 
ever, demonstrate the beneficial effects of noise 
reduction in factories. For example, skilled 
workers assembling thermostats next to a boiler- 
house had a mistake rate of 60 per 80 thermo- 
stats. When they were moved to quiet surround- 
ings, their mistake rate fell to 7 per 110 thermo- 
stats produced in the same time. The degree of 
distraction by noise is proportional to its loud- 
ness and the difficulty of the task; the effects 
tend to be cumulative and depend on the indi- 
vidual. Changes in pulse rate and rate of 
breathing are easily demonstrated. 

Noise has two local effects on the ear itself: 
(a) the production of damage, and (b) the masking 
of speech and signals. For the intelligible 
reception of speech or signals, the sound level 
of the signal at the plane of generation must be 
at least 20 db. greater than the ambient sound 
level. 

Prolonged exposure to high intensity sounds 
produces a progressive fatiguing of the hearing 
mechanism which eventually may become 
permanent. The factors influencing hearing 
loss appear to be: the total time of exposure, 
the length of exposure at each period, the 
amplitude, the character of the sound (whether 
continuous or interrupted), the frequency (those 
frequencies above 1,500 cycles appear to have 
a greater effect in producing deafness), previous 
damage to the ears by disease, age, and individual 
susceptibility. If the exposure to high-intensity 
noise is for a short period of time, then temporary 
damage will be fully restored after four days’ 
rest. 
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Fig. 1 Relative sound intensities in close proxi 
mity to gas turbines and piston engines. 
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Fig. 2 Plan diagram of noise from an engine 
under test, showing how the noise varies in different 
directions. 


An extensive survey published in 1950 by 
Kryter states: “For long and intermittent 
exposures any frequency of sound that is 85 
decibels or less above 0-002 dynes per square 
centimeter will not cause any temporary or 
permanent deafness.” As a very rough illus- 
tration, this means that if conversation can be 
carried out by loud talking at a distance of one 
foot or more the area is probably safe for long- 
time exposure. A Noise Suppression Panel of 
the Ministry of Supply has recommended 90 db. 
as the highest comfortable noise level for civilian 
aircraft. 


PROTECTION 


It is possible to protect operators against 
low-intensity noise by three types of protector: 
ear inserts; noise-occluding ear pads; and helmets. 
The maximum attenuation of an ideal ear plug 
will not be greater than 50 db., but varies some- 
what with frequency. One of the most effective 
noise-attenuating devices is the lobe of the ear 
turned over and pressed into the external 
auditory meatus. The V.51 ear plug gives 
25-30 db. insulation against sound at 1,000 cycles 
and 35-40 db. against frequencies of 1,000- 
10,000 cycles, many times better than the old- 
fashioned remedy of cotton wool. Noise may 
be radiated directionally from engines under 
test, and relatively quiet areas may be found in 
the vicinity (Fig. 2). In addition, one has to 
get very close to an engine before the noise 
intensity reaches the pain threshold of approxi- 
mately 120 decibels, and such close proximity 
has other hazards. Noise reductions on land 
as high as 25 decibels have been obtained by the 
use of high protective walls between the source 
of offending noise and the observer. 


ULTRASONIC NOISE 


There is no satisfactory evidence that ultra- 
sonic noise has any harmful effect on human 
beings. Quite high intensities of ultrasonic 
noise are produced by jet engines, but any 
system which is employed to attenuate the 
lower frequencies will also attenuate the ultra- 
sonic frequencies very strongly. 

Generally, problems of vibration and noise 
are inadequately considered by industrial manage- 
ments who do not understand its effects on the 
efficiency and output of the worker himself. 
Safeguards that can be adopted include absorbing 
surfaces on walls and ceilings to reduce reflection, 





464 


isolation of offending machinery by shock 
mountings, provision of observation cabins, 
and the education of the worker for his own 
protection. 


PETROL AND KEROSINE 


Toxic substances may arise from such sources 
as exhaust gases, aeroplane and rocket fuels, 
fire extinguishers, oils and de-icing, hydraulic 
and refrigeration fluids. 

In cleaning petrol-storage tanks, even after 
the tank has been cleared of petrol vapour, 
toxic air concentrations of tetra-ethyl-lead may 
be derived from the sludge at the bottom of these 
tanks. The inhalation of petrol fumes them- 
selves produces effects which are narcotic and 
anaesthetic, and these effects may be noticed 
with concentrations as low as 1,000 p.p.m. The 
transfer of the vapour from the region of the 
nose and mouth to the brain by inhalation is a 
possible hazard, resulting in dizziness, drowsi- 
ness, disorientation and, in the extreme case, 
unconsciousness. Irritation may be produced 
of the mucous membranes in the respiratory 
passages and the eye. 

Little attention has been given to the possible 
toxic effects of aviation kerosine owing to its low 
volatility. There is evidence, however, that the 
permissible vapour concentrations should be 
lower than those of aviation petrol, as compar- 
able concentrations are more irritant to the 
lungs, with damage to the cells lining the alveoli. 
Such inflammation could result in a form of 
pneumonia. The figure suggested for kerosine 
as a permissible concentration is possibly less than 
300 p.p.m., but fortunately its low vapour 
pressure makes kerosine a relatively innocuous 
substance. On the other hand, both petrol 
and kerosine will degrease the skin when applied 
asafluid. If abrasive particles come into contact 
with skin which has suffered this action repeatedly, 
troublesome irritation with subsequent sensitivity 
to further contamination is possible. Protective 
clothing is advocated where skin contamination 
is frequent. 


LIQUID OXYGEN AND HYDROGEN 
PEROXIDE 


The dangers in handling liquid oxygen are 
twofold—firstly, there is a considerable fire 
risk if it is inadvertently spilt, and secondly, 
its freezing powers will severely damage human 
tissue if directly contaminated. Hydrogen per- 
oxide in the pure state carries a similar fire 
hazard, and its very powerful oxidising proper- 
ties will cause severe damage if it comes into 
contact with exposed parts of the skin. 


HYDRAULIC FLUIDS 


There are two principal types of hydraulic 
fluid in common use in this country—D.T.D.585 
(mineral oil base), and Lockheed 22 (castor-oil 
base). No cases of toxic reactions have been 
reported excepting possibly local skin irritation 
with those fluids with a mineral oil base. This is 
probably because the concentration of the toxic 
chemicals in the fluids is very low. The volatile 
constituents in castor-oil based fluids, when 
in sufficient concentrations in the form of mist, 
are irritant and narcotic. It is important to 
bear in mind the toxicity of the thermal decompo- 
sition products from these various fluids. 

Recently, mewer substances have been 
developed containing halogenated hydrocarbons, 
silicones, and phosphate esters. These substances 
may prove to be too toxic for general use and 

. Should be evaluated carefully as to the toxicity 
of skin application, the effects of the fluid and 
its vapours on the eye, the effects of chronic 
exposure, and the toxicity of thermal decompo- 
sition products. 


PRESSURE-CABIN TESTING 


In testing pressure-cabin installations on the 
ground, it is frequently necessary for human 
observers to be inside. As the pressure is 
increased, air entrapped within any cavity 
inside the body will be compressed and conversely 
as the pressure is reduced the air will expand. 


Gas or air is to be found in the bowels, in the 
lungs, and inside the ear. The bowel can 
accommodate changes in the volume of its con- 
tents over the pressure range encountered. In 
the case of the lungs, no problem will arise 
unless the rates of pressure change are so rapid 
that a high-pressure differential is produced 
across the chest wall owing to the time lag of 
the air flow in the respiratory passages. For this 
to occur the pressure changes must be explosive 
in character, as might occur if a large area of the 
cabin surface failed under test. The low- 
pressure differentials in relation to maximum 
possible times for explosive decompression are 
unlikely to produce damage to normal human 
subjects, but proof tests on cabins up to a 
pressure differential of 9 lb. per square inch 
may constitute a hazard. 


PRESSURE CHANGES 

The major problem the engineer is likely to 
encounter is in the effect of pressure change on 
the ear. The middle ear can be considered as a 
small air-tight chamber with a one-way flap 
valve connecting the compartment to the back 
of the throat and hence to the atmosphere. 
Air can easily leave this chamber when ambient 
pressures are reduced, but conversely, when 
ambient pressures are increased, air is prevented 
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from entering this chamber by the flap valve 
Pressure can only be equalised on either side of 
the ear drum if the flap valve is opened by mus- 
cular action, e.g., moving the jaw, swallowing, o: 
yawning. No action is required if the pressur: 
is reduced. Any infection such as a commor 
cold is a strong contra-indication to participatio: 
in any tests of this nature, owing to the risk oi 
spreading infection to the cavity of the middk 
ear. If subjects are to be exposed to sucl 
pressure changes, it is advisable in addition t 
the usual medical examination, for emphasis 
to be placed on the following details: (1) Respir- 
atory system—full-size chest X-ray; (2) ear 
nose, and throat—there should be no infection 
and patency of the eustachian tube should be 
established; (3) on general ground, the age 
should be under 45; and (4) there should be 
previous education of the subject. Experienced 
operators should be quite comfortable at a rate 
of pressure rise of 2 lb. per square inch per 
minute. Pressure decreases of at least 5 lb. 
per square inch per minute can easily be tolerated 
under such test conditions. 

If the pressure cabin fails under test, the 
resultant air movement can have spectacular and 
dangerous effects. For this reason men should 
only enter or be near a pressurised fuselage 
under test when their presence is vital. 


COMPOSITE PARTIALLY-PRESTRESSED 
CONCRETE SLABS 


STRENGTH UNDER REPEATED AND STATIC LOADING 


By P. W. Abeles, D.SC., M.I.STRUCT.E., M.AM.SOC.C.E.* 


When structures are loaded up to failure, three 
different types of material, characterised by their 
stress-strain diagrams shown in Figs. 1(a), 1(b) 
and I(c), may be considered. For the material 
in Fig. 1(a), as soon as the limit of propor- 


‘tionality is only slightly exceeded, sudden brittle 


failure takes place; this is, for example, the case 
with glass or cast iron. Fig. 1(6) characterises 
a material with distinct yield point, for example, 
mild steel; and Fig. 1(c), a ductile material. 
In this last case, the limit of proportionality 
may be relatively low, as for instance with 
copper and aluminium, or high, as for stress- 
relieved drawn wire. These distinctions between 
the three types of material have already been 
made by Ros! and Hajnal-Konyi.” 

A brittle material, to which the stress-strain 
diagram Fig. 1(a) applies, is rather dangerous as 


_it is neither capable of showing the danger of an 


approaching failure nor of absorbing shock, 
both of which are obtained with materials which 
behave in accordance with Figs. 1(6) or l(c). 
Of these, the latter material is much superior, 
since it is able to take up higher stresses with 
increased deformation, while with the former the 
stress does not increase with increasing strain. 
The areas indicated in the diagrams in Fig. 1, 
between the curves and abscissa axis, give a 
measure of the ability of the structure to absorb 
shock. . 

It is customary for only the elastic behaviour 
of a structure to be considered, and great 
rigidity with small deformations is then highly 
appreciated by some designers. However, elas- 
ticity alone is not enough, unless satisfactory 
behaviour is ensured in the event of increased 
loading in accordance with Fig. 1(5), or, pre- 
ferably, Fig. 1(c). In Table I, Young’s modulus 
of elasticity for steel, glass, concrete and timber 
are compared, the figures for concrete being 
taken as 3 x 10° Ib. per square inch for low- 
strength plastic concretes, and as 7 x 10° for 
high-strength rather brittle concretes. Concrete 
may be very brittle or, to a certain extent, 
ductile, and it may therefore deform between 
very wide limits. Proof strains, as percentages, 


* Civil Engineer’s Department, Eastern Region, 
British Railways. 


corresponding to a stress of 1,000 lb. per square 
inch, are also given in the Table. Obviously, if 
ordinary reinforced concrete is employed, the 
stress-strain diagram may vary between much 


TABLE I 


Percentage Strain 
at Stress of 1,000 
lb. per sq. in., 


| Young’s Modulus | 
| of Elasticity in 
| 10° Ib. per sq. in. | 


Material 


Steel .. 

Glass a a 
High-strength concrete 
Low-strength concrete 
Timber <s 


wider limits, since the elastic state applies only 
to a relatively small part of the failure load. 
As soon as cracks have developed, much greater 
deformation takes place. If the member is 
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Fig. 1 Characteristic stress-strain curves for (a) 
brittle materials, (6) materials with a distinct yield 
point, and (c) ductile materials. 
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Fig. 2 Early composite partially-prestressed 
concrete beams for bridge decks of up to 50 ft. 
span. 
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under-reinforced a gradual yielding of the 
structure occurs until failure (in this case, the 
concrete is the stronger part and failure occurs 
owing to fracture or to yielding of the steel in 
the cracks), while with over-reinforced members 
(in which the steel is stronger than the concrete) 
sudden failure takes place due to crushing of the 
concrete before appreciable deformation has 
taken place and wide cracks have developed. 

Reinforced-concrete and prestressed-concrete 
structures are apt to behave in a fashion depicted 
by any of the three diagrams in Fig. 1, depending 
on the properties of the materials and the 
percentage of reinforcement. However, pre- 
stressed concrete is obviously much superior 
to ordinary reinforced concrete, since it is 
completely resilient; that is to say, on removal 
of a load which approaches the failure con- 
dition, the pre-compression (which may at 
that stage be interrupted by cracks) is regained 
along the entire length as soon as the load is 
reduced to that magnitude at which the tension 
reverses into compression. 


FULL AND PARTIAL PRESTRESSING 


In ordinary reinforced concrete, the develop- 
ment of cracks cannot be avoided owing to the 
shrinkage which leads to increased strains 
exceeding the limit of extensibility of the con- 
crete. It appears on first consideration, there- 
fore, to be the best solution to prestress a 
concrete member to such an extent that com- 
pressive stresses always occur, so that any 
possibility of cracking is avoided. When this is 
carried out to the extreme, a material is obtained 
which is extraordinarily elastic, but which will 
behave like that indicated in Fig. 1(a) with 
the disadvantage of brittle failure and with very 
limited resistance to impact. Nevertheless, such 
a solution will be of advantage where any 
possibility of cracking must be avoided; for 
instance, where the combination of repeated 
heavy impact and vibration might destroy the 
bond between the concrete and the tensioned 
steel. However, this applies only to a few 
structures. It will be preferable in most cases 
to employ constructions which are capable 
of absorbing impact and which do not fail 
suddenly without warning; such constructions 
will indicate, by increased deformation and 
cracking, that over-loading is imminent. 

Though extended elasticity and homogeneity 
appear to be desirable characteristics, con- 
siderations of shock absorption and failure 
resistance suggest that a ductile and yet resilient 
behaviour is preferable for most cases. 

M. Freyssinet has suggested the use of pre- 
Stressed homogeneous concrete which always 
remains under compression as a method of 
attaining extended elasticity; this the author will 
call “ full” prestressing. A modified solution 
in which the prestressing force is greatly reduced 
and in which appreciable tensile stresses are 
permitted in the concrete under working load 
was suggested by the author in 1940 and called 
“ partial prestressing.”” This idea was based, in 
the first instance, only on the possibility of attain- 
ing’economies by reducing the prestressing force. 
With the reduction of the prestressing force for 
partial prestressing, the sectional area for the 
tensioned steel is, in most cases, less than that 
required to ensure the required factor of safety 
against failure. Consequently, non-tensioned 
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wires may be added, or the entire steel area 
required for ultimate load conditions may be 
tensioned to a lesser extent, and yet ensure the 
required prestressing force. 

By extensive research carried out on such 
partially-prestressed constructions, it has been 
ascertained that not only economical but also 
technical advantages are obtained by this 
alternative solution, although the author’s sug- 
gestion was considered inadequate at the time 
of its proposal. Before research data were 
available, it could be argued that in a cracked 
section under working load, a stress of 50 tons 
per square inch might well occur if the strength 
of the tensioned wire is 100 tons per square inch 
and yet a factor of safety of two against failure 
still be ensured. A tensile stress in the steel of 
112,000 Ib. per sq. in. in a cracked section 
appears highly excessive to anyone who is 
familiar with permissible stresses for steel in 
ordinary reinforced concrete that are limited 
to 20,000 Ib. per square inch for mild steel and 
27,000 Ib. per square inch for work-hardened 
steel, though, in some countries, stresses up to 
50,000 Ib. per square inch are now permissible 
for newly developed work-hardened steel of 
high-bond resistance. These limitations of per- 
missible stresses are intended to prevent the 
occurrence of the wide cracks which would 
develop if the wire behaved in a similar manner 
to mild steel used in reinforced concrete. How- 
ever, it is a special feature of prestressed concrete 
with well-bonded steel wires that, in contrast to 
mild steel in ordinary reinforced concrete, the 
bond is destroyed only in a crack itself and in its 
immediate neighbourhood, but not at a distance 
from the crack, whereas with ordinary reinforced 
concrete the bond is destroyed over a greater 
length and consequently only a small number of 
wide cracks develop. As in reinforced-concrete 
structures in which special work-hardened steel 
with very good bond properties is employed, a 
large number of fine cracks occur in prestressed 
concrete. 


STATIC TESTS 


Preliminary tests in 1942 showed that the 
author’s conception was correct, but it was 
necessary to prove this by full-size tests. The 


Fig. 4 Deformed slab 
approaching failure in 


an early static test. 
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author had an opportunity of conducting bending 
tests on prestressed-concrete sleepers in 1946‘, 
and these tests proved the extraordinary resilience 
of prestressed concrete. After a previous lead- 
ing up to between 85 per cent. and 90 per cent. of 
the failure load, when large deformations with 
considerable cracking occurred, these cracks 
closed completely and no appreciable deforma- 
tion set remained on removal of the load. 

Based on these very satisfactory results, the 
first contract with partially-prestressed concrete 
bridges was let by the Civil Engineer’s Depart- 
ment, Eastern Region, British Railways; in this 
case, conventional designs were modified only 
in that tensioned steel was placed in the pre- 
stressed members. This form of construction 
represents a combination of a suggestion by 
Dr. Hajnal-Konyi and the author, and is 
particularly suitable for road bridges of spans up 
to 40 or 50 ft. The beam sections used were as 
shown in Fig. 2. The prestressed beams carry 
their own weight and that of the additional 
concrete, while the composite section, i.e., 
prestressed plus ordinary reinforcement, carries 
the additional dead and live loads. In these first 
designs, a concrete tensile stress of 550 lb. per 
square inch was permitted under the working 
load. It was then considered doubtful whether 
non-tensioned wires would be efficient when 
embedded in a partially-prestressed concrete 
structure, since it was considered possible that, 
at cracking, permanent elongation might occur 
in the non-tensioned steel, thus preventing the 
complete closing of the cracks. Consequently, 
in the first contract, ordinary mild-steel reinforce- 
ment was placed in the additional concrete, but 
the opportunity was taken to carry out tests 
on two beams having non-tensioned wires. 

Later tests, carried out in 1949°, proved that 
the behaviour of such structures is very similar 
to those which have only tensioned wires, the 
cracks becoming completely invisible on removal 
of loads approaching failure. Apparently, the 
permanent deformation of the wire in the cracks 
and the immediate neighbourhood where the 
bond is destroyed are so infinitesimal that they do 
not result in noticeable cracks. Further static 


‘ tests were carried out in 1951° at Shorne, Kent, on 


slabs 20 ft. long and of a cross-section 3 ft. 1 in. 
by 1 ft., as shown in Fig. 3. Two prestressed 
beams of this form were tested, each containing 
60 wires of 0-2 in. diameter in the tensile zone, 
60 per cent. of which were tensioned. These 
tests proved that there existed full co-operation 
between the prestressed and added concrete as 
well as co-operation between the tensioned and 
non-tensioned wires. Separation between the 
prestressed and added concrete took place only 
after the preliminary failure in bending. The 
ultimate bending resistance equalled the moment 
of the inner forces (in which the ultimate tensile 
force equalled the maximum force obtained for 
the tensioned as well as the non-tensioned wires 
at the ultimate steel strength) and the lever arm 
between the ultimate forces was calculated on the 
assumption that the ultimate compressive force 
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acts in the centroid of a rectangular stress block 
at an effective stress corresponding to the prism 
strength. Since these were under-reinforced 
beams failure occurred due to yielding of the 
slabs. The stresses in the steel within the cracks 
approached its ultimate strength, with the 
consequence that the compression zone was 
reduced to a very limited depth, and ultimate 
failure was due to crushing of the concrete after 
considerable deflection had occurred and wide 
cracks had developed. 

Two types of concrete were used for the 
added concrete. In one case, the same quality 
was used as that from which the prestressed beams 
were made. In the second case, concrete with 
a considerably higher water-cement ratio was 
employed; this concrete was also vibrated at 
site with immersion vibrators, to correspond with 
accepted practice. In this way, the higher water 
content was apparently driven out of the concrete, 
and approximately the same strength properties 
were obtained as in the previous case, though the 
cement content was considerably reduced. 

The deformation of a slab under static loading 
when approaching the failure load is shown in 
Fig. 4. It is seen that a non-uniform loading 
may sometimes take place when such wide 
slabs are tested, with the consequence that the 
strain at one side may be much greater than that 
at the other side; this also occurred in the third 
fatigue test referred to below. 


FATIGUE TESTS ON TWO SLABS 


Though the static tests were entirely satis- 
factory, in some quarters it was considered 
doubtful whether such a form of composite 
construction could withstand fatigue conditions 
if cracks had developed in consequence of an 
unforeseen overloading of the bridge. These 
fatigue tests are described below in considerable 
detail. Their results are very important, and 
give a clear indication regarding the behaviour of 
prestressed concrete of limited crack resistance 
in the case of repeated loading. The same 
conclusions apply also to sustained loadings, 
since there is a parallel between the effect of 
fatigue and sustained loading on the permanent 
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deformation, 
rather 
loading. 

In the first fatigue test, on a slab which will 
be referred to as S1, one million repetitions were 
applied between loadings corresponding to 
stresses of 50 lb. per square inch compression 
and 550 lb. per square inch nominal tensile 
stress in the tensile fibres of the slab. This 
stress is called ‘‘ nominal” because, before 
commencement of the fatigue test, the slab was 
deliberately loaded until there had been deve- 
loped five cracks which extended over half the 
depth of the slab; in consequence it was impos- 
sible for actual tensile stresses to develop in the 
cracks. All the loadings were applied at a speed 
of four repetitions per second for 12 hours a 
day, the remaining 12 hours serving as rest 
periods. On completion of one million repeti- 
tions, the cracks closed up entirely and became 
completely invisible; neither was it possible 
to discover an appreciable set. A subsequent 
test to failure showed that in spite of this fatigue 
loading, the ultimate carrying capacity was not 
reduced. 

The second slab was loaded, in the first instance, 
to the same extent as the first slab, i.e., one 
million repetitions were applied in a cracked state 
and between stresses of the same magnitude as 
for the first slab. Two million further repetitions 
were then applied, each with a succeeding higher 
load. Fig. 5 shows a load-deflection diagram for 
this second slab ; curve (A) in this figure shows 
the first static loading carried up to cracking. 
The effective prestress and the actual and 
nominal tensile stresses in the tensile fibre are 
also plotted in the diagram. It can be seen that 
visible cracking occurred at a loading corre- 
sponding to a tensile stress of only 900 Ib. per 
square inch; this is less than the usual value 
which exceeds 1,000 Ib. per square inch. The 
explanation is that some cavities had been formed 
in the lower portion of the beam due to a par- 
ticularly dry mix, and were only noticed after 
the slab was turned over, the tests being carried 
out ‘‘ upside down ”’ with the loads acting from 
underneath. After completion of the first 
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Fig. 5 Load-deflection diagram for slab S2. 
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Fig. 6 Test slab S2 after the application of 
three million repetitions of the load. 


million loadings in slabs $1 and 82, these cavities 
were filled with high-alumina cement mortar, 
and satisfactory bond resistance and co-opera- 
tion of the concrete, as in other cases, was 
obtained. 

Curve (B), in Fig. 5, relates to the first static 
loading up to the upper range of the second 
million repetitions, after the completion of 
the first million repetitions and after the cavities 
had been closed with cement mortar. The 
lower limit was the same as before, but the 
upper limit of the load corresponded to a 
nominal tensile stress of approximately 800 Ib. 
per square inch, equivalent to the deadweight 
plus 1-4 times the live weight. Curve (C) 
reaches to the upper range of the third million 
repetitions at its first static loading, i.e., after 
completion of the second million repetitions. 
The upper limit of the third million corresponded 
to a nominal tensile stress of approximately 
900 Ib. per square inch, corresponding to dead 
load plus 1-6 times live load. It was necessary 
in this case to raise the lower limit from a load 
corresponding to 50 lb. per square inch com- 
pression to one corresponding to. 350 lb. per 
square inch nominal tension, since the amplitude 
of the pulsator was limited by the oil pressure 
obtainable. A comparison between static and 
dynamic loading at all stages was made and it 
was found that the dynamic amplitude was less 
in the first million repetitions, equal in the second 
million, and greater in the third million of repe- 
titions, than those obtained for static loading. 
Consequently, the nominal tensile stress at the 
end of the third million of repetitions probably 
exceeded the nominal tensile stress of 1,000 Ib. 
per square inch. 

On completion of the second million repeti- 
tions no cracks were noticeable, neither was an 
appreciable set measured when the load was 
removed, but after completion of the third 
million repetitions it was possible to see some of 
the cracks though no deflection was. noticeable. 

The load-deflection curve (1) in Fig. 5 shows 
the first cycle of static loading after comple- 
tion of three million repetitions. This cycle 
is also shown at a reduced scale to allow the 
curves for the three loadings leading to ultimate 
failure, i.e., curves (1), (2) and (3), to be plotted 
on the diagram. It may be mentioned that 
before the third million repetitions was completed, 
two tensioned wires fractured in the gaps which 
were provided for strain measurements. It is 
seen that the failure load for (3) in Fig. 5 exceeds 
slightly the load calculated for the maximum 
tensile force of the remaining 58 tensioned or 
non-tensioned wires, based on the actual ultimate 
steel strength of 95 tons per square inch, and a 
rectangular concrete block of a stress equalling 
the prism strength of 6,150 lb. per square inch. 

Fig. 6 shows the slab after the third million 
repetitions, but before the static failure test took 
place. 

Towards the end of the first million repetitions, 
the set of the deflected slab was measured every 
morning before the load was re-applied. Special 
temperature measurements were not made, but 
it can be assumed that there was very little 
difference at approximately the same time each 
morning before any sunlight could have influenced 
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Fig. 7 The variation in set (or camber) during a fatigue test. The graph illustrates the recovery 
in slab S2 during the long rest periods over the week-ends. 


the set. Fig. 7 shows the deflection measure- 
ments obtained, the ordinates representing the 
average distances of the slab at the centre of the 
span from a plane at the initial surface; they 
were obtained as differences of level between the 
supports and the centre of the slab. With each 
increase in the number of repetitions, the set 
gradually increased, but it recovered consider- 
ably during the week ends (Saturday noon till 
Monday morning) while the specimen was 
allowed to rest. Daily measurements of the set 
at commencement and completion of the 
dynamic loading would have given results 
similar to those indicated in Fig. 7 for the last 
million repetitions, i.e., a greater set at comple- 
tion of the daily pulsation and a recovery until 
the next morning.’ (Fig. 7, of course, shows the 
camber in the slab—camber put into the slab by 
the prestressing—which was reduced by loading 
and restored by rest.) 


FATIGUE TEST ON SLAB MADE WITH 
SEALITHOR CEMENT 


The third slab to be tested was made with a 
similar mix to the other slabs, but metallurgical 
Sealithor cement was used. Since, however, 
the test was carried out at a considerably greater 
age than for the other slabs, different conditions 
applied, and the effective prestress was less, as is 
indicated in the load-deflection diagram, Fig. 8. 

The test itself was also carried out in a different 
way. The first million repetitions were applied 
in a non-cracked state within a range corre- 
sponding to a compressive stress of 100 Ib. per 
square inch and a bending tensile stress of 
650 Ib. per square inch. The slope of the load- 
deflection curve corresponded originally to a 
Young’s modulus of elasticity of 6,000,000 lb. 
per square inch, and gradually changed to one 
corresponding to 4,000,000 lb. per square inch, 
as is indicated in Fig. 8. The origins of the 
individual curves in the diagram are not drawn 
to scale; this is in order to show better the 
individual deflection curves, which were measured 
under static loading between fatigue loading. 
The set measured after one million repetitions 
amounted only to 0:04 mm. (0-0016 in.) 

After one million repetitions, when no cracking 
occurred, a static-loading test was carried out 
until cracks developed. The author was then 
able to demonstrate that, at the loading corre- 
sponding to a bending tensile stress of 1,000 Ib. 
per square inch, it was definitely impossible to 
detect any cracks. Cracks were clearly noticed, 
however, at a load corresponding to a tensile 
stress of 1,200 lb. per square inch, and it can be 
assumed that cracks had already developed at a 
lower load, where a change in the load-deflection 
diagram occurs. A second million repetitions 
were applied in a cracked state within the same 
load range as for the first million. The set 
measured just after completion of the second 
million repetitions was 0-24 mm. (0-01 in.). After 
the 2,047,000th loading all the cracks closed up 
entirely on removal of the load. Again static 
loading was applied, and taken to the same 
maximum load as after the first million 


loadings, but there was little difference in the 
deflection, as can be seen from the load-deflection 
diagram. The third million was planned with a 
higher upper loading, as may be seen from the 
same diagram. When 313,900 repetitions of this 
loading cycle had been completed (i.e., after 
loading No. 2,313,900) the cracks still closed 
completely, and no appreciable set had occurred, 
the additional set measured before recovery took 
place being 0-65 mm. (0-025 in.), and the entire 
set 0-89 mm. (0-035 in.). 

With further fatigue loading, one side of the 
slab was gradually strained to a greater extent 
than the other, and the cracks would not then 
close completely, but became wider and wider. 
Such an unsymmetrical loading has been indi- 
cated already in Fig. 4. Due to the higher 
loading at one side of the slab, and the larger 
range, the effect of the loading must have been 
much more unfavourable than that of the third 
million repetitions with the second slab. Since 
the cracks remained open, it can be assumed 
that the bond and friction between wire and 
concrete, which were originally broken only at 
the cracks themselves, were then gradually 
destroyed in the neighbourhood of the cracks, 
and that the steel failed by fatigue, similarly to 
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the two wires in slab S2. The permanent 
deformation gradually increased, and distinct 
reports were heard when each individual wire 
broke. After that, it was still possible to apply 
approximately another 123,000 repetitions be- 
tween the loading when the cracks closed 
completely (load No. 2,313,900) and the state 
when a great number of wires had fractured and 
permanent wide cracks occurred, so that one 
could conclude that fatigue failure had already 
taken place (loading No. 2,437,000). Fig. 9 
shows the permanently open cracks at loading 
No. 2,400,000, while, from Fig. 10, the greater 
strain after apparent fatigue failure at one side 
of the slab can be recognised, the cracks being 
ver’ wide at one side and gradually closing 
towards the other side. Fig. 11 shows details 
of a fracture of a wire after loading No. 2,400,000, 
i.e., corresponding to Fig. 9. 

In Fig. 8, the deflection diagram for load 
No. 2,422,300 is also plotted; this diagram was 
obtained before the apparent fatigue failure took 
place, the permanent set then having increased 
by 1-137 mm. (0-0448 in.) to a total of 12-26 mm. 
(0-484 in.). Temperature at the time of each 
measurement is also given, from which it is seen 
that they did not differ greatly, and that they 
most likely did not influence the individual sets. 
Other measurements of sets, when greater 
variations in temperature did prevail, have not 
been considered. 

A static loading test was carried out nine days 
after the apparent fatigue failure, and the deflec- 
tion diagram is also plotted in Fig. 8. At the 
beginning of the static test, the increase in sét, 
as compared with loading No. 2,422,300, 
amounted to 11:06 mm. (0-436 in.) and the 
entire set was 23-32 mm. (0-918 in.). Apparently 
due to the rest in these nine days, a considerable 
recovery must have taken place since the load- 
deflection line is much steeper than at apparent 
fatigue failure. The maximum load reached 
exceeded by 11 per cent. the upper limit of the 
second range, at which the apparent fatigue 
failure took place. 

It is not possible to compare the test result of 
the third slab with those of the other two slabs, 
mainly because, for the third slab, the loading 
was not uniformly distributed across the slab 
after permanent deformation had once occurred. 
One side was strained to a much greater extent 

















































































Calculated 
Deflection 
o | 2 
o/ £ 000,000 7 2:047,000 
=t 33 os ee hee -—— Static Loading 9 Days 
. ” | fy # 0 Crack #7 After Apparent Fatigue Failure 
$-1,000-55-4 5 p{———/*_f—Noticealle ff _____________________-_-\_.------------ pen 
E - {1 Million {1 Millign f / 2.266.400 a 
& -770 73-4 5 __ Repetitions ‘Repetition fs eee 
P 3 ; ' 
S -650 =-- i. ' 
ae 3 i 
= - XN 
ead 
° A — / % 
5 § 154 e 
2s | 
5 133 
= +100 ins 
s ps 
3 10- wate 
3 
= +500; ~~ Calculated Deflection 
= = E 
‘o} MH Cracked Section E =15 
fj c 
i 
A 
+13 io Zero Deflections, Not to Scale 
14 12; Temperatures at Static Tests, Deg. C. 
| 0-04 | 0-20 10-65 | _ 11-06 | Sets Measured at Static Tests, mm. 
oO 5 10 15 0 as 40 45 30 iia 
Deflection, mm. 
pei Limits of 
. Loads,Metric Tons |Stresses, Lb. per Sq. In| 1,000,000 
1 12:5 to 185 +100 to -650 1 
2 12°5.to.19°5 +100.to -770 1,000,000 Cratte Chane 


+Test Deflections Measured 


(2316.4) 


314,000 


123,000 


“ENGINEERING” 


Fig. 8 Load-deflection diagram for slab S3 which was made with metallurgical Sealithor cement. 
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than the other, with the consequence that the 
bond adjacent to the cracks was destroyed 
much sooner on one side than on the other, 
although the average nominal tensile stress was 
approximately the same, or even slightly less, 
than that during the second million repetitions 
on slab §2, at the completion of which the 
cracks closed completely. With the test on 
slab $2, the load was apparently uniformly 
distributed over the width of the slab, not only 
for the second million but also for the third 
million repetitions, after which the slab had no 
appreciable set, although the nominal tensile 
stress probably exceeded 1,000 Ib. per square 
inch. However, it must be taken into account 
that the range at the third loading of slab S2 
was considerably reduced, and this certainly 
influenced the effect of the fatigue loading. 


CONCLUSIONS FROM THE FATIGUE 
TESTS 


The following conclusions, based on the three 
fatigue tests, are applicable to concretes of certain 
strength (prism strength at 28 days approximately 
6,000 Ib. per square inch, and modulus of rupture 
of 1,000 lb. per square inch), to pre-tensioned 
wire of 0:2 in diameter and of a strength of 
100 tons per square inch and to satisfactory sur- 
face conditions. They indicate clearly the 
behaviour of prestressed concrete with well- 
bonded pre-tensioned wires to which non- 
tensioned wires may also have been added. 

(1) The occurrence of cracking is avoided 
under fatigue loading as long as the upper range 
of loading corresponds to a tensile stress not 
exceeding 650 lb. per square inch. Conse- 
quently, such a stress is permissible under work- 
ing load in structures subjected to fatigue load- 
ing, but without heavy impact, such as highway 
bridges. 

(2) Fatigue loading, with an upper range as 
described, does not affect adversely the com- 
mencement of cracking at a subsequent static 
loading; the cracks will develop at a loading 
corresponding to a modulus of rupture of 
approximately 1,000 Ib. per square inch. 


Fig. 9 The side of slab S3 after 2,400,000 
repetitions of the load. The cracks were per- 
manently open under load. 


Fig. 10 The top surface of beam S3 after 
2,400,000 repetitions of the load. The change in 
width of the crack indicates unequal loading that 
had been applied across the width of the beam. 


Fig. 11 A fractured wire in slab S3 after 
2,400,000 load repetitions. 


(3) When cracks have developed in a structure, 
and repeated loading takes place with an upper 
limit corresponding to a nominal tensile stress 
of 650 lb. per square inch, no noticeable per- 
manent deformation remains, even after a million 
repetitions. 

(4) The ultimate failure resistance in a static 
loading is not affected by a previous fatigue 
loading of millions of repetitions applied in a 
cracked state, so long as the upper limit load 
corresponds to a nominal concrete tensile stress 
of 650 Ib. per square inch or less. 

(5) The co-operation between two types of 
concrete in a composite beam is not destroyed 
by fatigue loading. In a static failure test, 
the same results are obtained as if the com- 
posite member were made of uniform concrete. 

(6) If, owing to extended fatigue loading, the 
co-operation between wires and concrete is 
gradually destroyed, it is clearly noticeable by 
the occurrence of visible permanent deformation 
and cracking. However, the structure is still 
capable of withstanding numerous further 
loadings without failure, although one wire after 
another may break. 

(7) Even after apparent fatigue failure, a pre- 
stressed structure may be still capable of with- 
standing a higher static failure load than that 
corresponding to the previous apparent fatigue 
failure. 

(8) Where the wire is not embedded in the 
concrete, the co-operation is interrupted and 
conditions apply which are quite different from 
those with bonded wire, causing an early fracture 
of the wire. Consequently, in structures in 
which the wires are not bonded, a much lower 
stress ought to be specified than for the steel 
under ultimate load conditions, i.e., the fatigue 
strength of the wire, which is approximately 
two-thirds of the static strength, should be 
accepted. 

(9) Full co-operation of tensioned and non- 
tensioned wire of 0-2 in. diameter and a strength 
of 100 tons per square inch and a concrete of 
prism strength of approximately 6,000 Ib. per 
Square inch has been ascertained in static loading 
up to failure, when the ultimate stress in the 
steel corresponded to its tensile strength. This 
is found even after previous fatigue loading of 
many million repetitions. 

Since 1949, a great number of routine accept- 
ance tests have been carried out by Eastern 
Region, British Railways, to investigate the 
quality of prestressed concrete. Only a certain 
proportion of the beams made were tested, but 
these routine tests, carried out between 1949 
and 1953, have extended over the manufacture of 
nearly 3,000 units between 12 and 102 ft. in 
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length. The loads applied corresponded to a 
tensile stress of 750 to 800 Ib. per square inch 
with pre-tensioning, and of 650 lb. per square 
inch with post-tensioning, when the effective 
prestress was related to the date of testing. No 
cracks were permitted to occur at this loading 
and this condition was nearly always complie 
with. However, there were a few instance 
when cracks developed at the test loading bu 
a fault in the manufacturing process could alway: 
be traced to account for this and appro 
priate remedial measures were then taken. Ii 
one particular instance, the test load was sus- 
tained for 30 days while the set continued tc 
increase, but no cracks developed. 
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ELECTRICITY SUPPLY IN 
SYDNEY 


The annual report of the general manager of the 
Sydney County Council’s electricity supply under- 
taking for 1953 shows that the sale of electricity 
during that period amounted to 1,292 million 
kWh, an increase of 13-33 per cent. over the 
figure for the previous year. This improvement 
was at least partly due to the removal of restric- 
tions on sales (except in the case of arc furnaces) 
in the middle of the year, although buoyancy in 
commerce and industry also played-its part. 

A new substation, with the present installed 
capacity of 54 MVA, was commissioned in the 
north of Sydney and is connected to the Pyrmont 
B power station of the Electricity Commission 
of New South Wales. It will permit the re- 
arrangement and replacement of obsolete plant 
in another substation. A second substation 
with a capacity of 27 MVA was constructed to 
give a 11-kV supply to the works of Imperial 
Chemical Industries and the ratings of several 
others were raised. 

An extensive re-arrangement of the 11-kV 
feeders took place in the city area. 
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OPENING OF NORTH-EAST 
ESSEX TECHNICAL 
COLLEGE 


Minister’s Survey of Technical 
Education 


On September 23, at Colchester, the North-East 
Essex Technical College and School of Art 
was formally opened by the Rt. Hon. Florence 
Horsbrugh, C.B.E., M.P., Minister of Education, 
who spoke in her address of the importance of 
maintaining and developing the facilities for 
technical education. 

Miss Horsbrugh referred in particular to 
the increasing need for technologists, technicians 
and craftsmen and to the shortage of instructors 
which the growing demand had created. In 
England and Wales in 1947 there were 48,000 
full-time pupils in technical colleges; by 1953 
the number had risen to 55,000. 

With regard to part-time education, both 
industry and the education authorities agreed 
that day-release schemes yielded greater profit 
than evening classes attended after a full day’s 
work, and in 1953 over 300,000 young people 
had been released for at least one day a week 
to receive technical instruction. This was an 
increase of 19,000 pupils in one year. 

Advanced short courses, designed to give 
scientists already employed in industry the 
opportunity to remain abreast of current tech- 
nological developments, had also been intro- 
duced, and industry itself had been invited to 
suggest subjects for study. These courses added 
to the strain on educational establishments. 


REGIONAL ORGANISATIONS 


The problems created by all these expanding 
requirements called for careful planning. One 
measure which should be strongly encouraged 
was the formation of regional facilities for tech- 
nical education; local authorities could then 
act together in groups to provide the necessary 
accommodation, equipment and teaching staffs. 

The construction of technical colleges was 
proceeding rapidly; between 1948 and 1953 
buildings to a total of £114 millions had been 
erected and a sum of £234 millions had been 
authorised for expenditure on establishments 
not yet complete. In addition to school build- 
ing, £4 millions per annum was being spent on 
new technical colleges. 

Miss Horsbrugh also discussed the work in 
progress in Essex; the first part of the new 


The completed first stage of the North-East Essex Technical College and School of Art includes 
the four-storey block shown here and extensive workshops. 


College had been built at a cost of £165,000, 
and a further sum had been spent on equipment. 
In 1955 and 1956 a second payment of £193,000 
was to be made for extension buildings. She 
concluded her speech by saying that the College, 
which had accommodation for 100 full-time and 
700 part-time students, was absolutely up to date, 
but nothing could replace the skill, perseverance 
and talent of the good teacher. 


BUILDINGS AND WORKSHOPS 

The North-East Essex Technical College is 
being built on a site of 19 acres and the first 
of three instalments, a four-storey block, which is 
illustrated below, and a series of single-storey 
workshops, is now complete. The area covered 
by the block is 5,000 sq. ft. and by the workshops 
32,000 sq. ft. 

Architecturally, the workshops are con- 
structed from frame and roof units of pre-cast 
concrete with external walls of cavity brickwork; 
their internal skin and all partitions are built 
from white sand-lime bricks with flush joints. 
In the four-storey building, the two principal 
elevations consist of windows with under panel- 
ling; the panels are composed externally of 
vertical varnished-hardwood boarding, secured 
through felt to a pressure-creosoted softwood 
frame. The buildings are heated by an oil- 
fired low-pressure hot-water system. 

In addition to general rooms, offices and 
lecture theatres, the main block has on its upper 
floor a number of laboratories, but the main 
engineering laboratories are in the workshop 
buildings. These are already well equipped and 
include separate sections devoted to such 
subjects as heat engines, electricity and radio, 
heat-treatment, and the strength of materials. 
Among the items of equipment are electric 
furnaces, an Avery motor-driven torsion-testing 
machine and a 50-ton Denison machine for 
tensile tests, a Hartridge Diesel fuel-pump test 
bench and an extensive range of metrological 
instruments. There are also on the College 
premises carpentry and building workshops, 
a printing section, and an automobile engineering 
department. 

The courses in engineering offered at the Col- 
lege enable students to proceed to Ordinary and 
Higher National Certificates in Mechanical and 
Electrical Engineering and also to Intermediate 
B.Sc. examinations. Facilities for studying the 
additional subjects required for the Associate 
Membership qualification of the Institution of 
Mechanical Engineers are also available. 








British Railways (Eastern Region) have mounted 
this measuring apparatus on a flat wagon so that 
structure profiles may be easily gauged. 


STRUCTURE GAUGING 


Wagon-mounted Radial-arm 
Equipment 


In order that running clearances between 
structures and rolling stock can be easily and 
regularly checked, the Eastern Region of British 
Railways have built the gauging wagon illus- 
trated above. The gauging unit comprises a 
carrier beam, a protractor graduated in degrees 
and a telescopic arm mounted on a pedestal. 
The framework of this pedestal protrudes below 
the floor of the wagon and can be registered 
both laterally and for height against either of the 
rail running edges so that measurements made 
to the profile of structures may be accurately 
related to the track. A cabin with lockers and 
desk, etc., has been built on the wagon. Two 
assistants are normally required, one in charge 
of operations, who takes the measurements, and 
another recording the observations made. The 
gauging train consists of a locomotive, the 
gauging wagon itself and a brake van. 

To obtain the profile of a structure the train 
is brought to rest and the pedestal located against 
the running rail. The radial arm is then rotated 
and the telescopic arm extended to contact the 
structure at a sufficient number of points to 
define the profile, the measurements being 
obtained in polar co-ordinates about the gauge 
centre. Copies of a master drawing, suitably 
printed, are available for plotting the data, so 
that profiles and clearances may be conveniently 
compared to standard loading lines and the 
specified clearances. When the necessary infor- 
mation has been obtained the gauging arm and 
the pedestal are returned to the travelling position 
and the train moves to the next survey station. 

Various claims are made for the apparatus, 
including both greater speed and greater accuracy 
in obtaining the dimensions required; the drawing 
office work of plotting is also much reduced, 
both by the form of the measurements taken 
and by the use of the printed drawings. It is 
also claimed that the time of track occupation 
is reduced. 

The design and fabrication of the equipment 
have been carried out under the supervision of 
Mr. J. I. Campbell, M.I.C.E., civil engineer of 
the region. 
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The DH 110 makes a “ touch-and-go” landing. 


H.M.S. *“ALBION ?”? EMBARKS NAVAL 


AIRCRAFT 
ANGLED DECK WITH MIRROR AID 


Recently we were given the opportunity to 
observe deck take-off and landing operations on 
H.M.S. Albion, the first of the Royal Navy’s 
fleet carriers to be fitted with both the angled 
deck and the mirror landing aid. The demon- 
stration was given by Sea Hawk F.B. Mark 3 
naval fighter aircraft of 898 squadron and 
Douglas Skyraiders of 849 squadron, who had 
commenced operations on H.M.S. Albion only 
some seven days previously. The jet aircraft 
were catapulted off the deck, whereas the Sky- 
raiders adopted the normal take-off technique, 
using the whole length of the angled deck. 

For search, rescue and communications duties, 
H.M.S. Albion also carries two Westland 
Dragonfly helicopters, and she was expecting to 
embark a complement of Westland Wyvern strike 
aircraft, of 813 squadron, the next day. During 
the demonstration, the transonic de Havilland 110 
all-weather fighter aircraft, at present under- 
going development trials for the Royal Navy at 
the Aircraft and Armament Experimental Estab- 
lishment, flew over and made a series of “* touch- 
and-go ” landings and take-offs. It is believed 
that these were the first carrier trials carried out 
by the dH 110, and it is particularly for large, 
high-performance aircraft such as this that the 
angled deck and mirror aid show to greatest 
advantage. 

It is perhaps desirable to recall briefly the 
principle of the angled deck, a British invention. 
It is, simply, that the flight path on the deck is 
laid out at an angle to the centre line of the 
vessel, thus providing a flight path clear of the 
parking area at the forward end of the deck and 
generally facilitating landing. It eliminates the 
crash barrier, essential in the centre-line layout to 
prevent any aircraft not successfully arrested 
from crashing into airc-aft parked at the forward 
end. With the angled deck, the unarrested 
aircraft simply flies off and “* goes round again,” 
thus easing the pilot of considerable anxiety and 
possibly saving both man and machine from 
damage by collision. 

In the Centaur and the Albion, which were 
designed long before the angled deck had been 
conceived, the layout is such that it was not 
possible to provide the full 10-deg. flight-deck 
angle as was used on the first vessel to be so 
equipped—the U.S.S. Antietam (ENGINEERING, 


page 52, vol. 176, 1953). They are, therefore, 


equipped with angled decks of 54 deg. to port. 


LANDING AIDS 


The mirror aid, also a British invention, is 
illustrated below. It comprises a curved mirror, 
stabilised in pitch by a gyroscope, which reflects 
a spot of light directed on to it from the aft 
part of the carrier. If the pilot, approaching 
at a constant predetermined rate of descent, 
keeps this reflected light in line with two rows of 
fixed horizontal red and green lights, he can be 
sure of approaching the deck at the correct angle 
for landing and arresting. The setting of the 
mirror is adjusted to each particular type of 
aircraft, since the location of the arrester hook 
varies from one aircraft type to another. In 
the event that the pilot has misjudged his 
approach and will not make contact with the 
arrester wires, the landing signals officer can 
direct him, by using the horizontal red lights 
only, to go round again. At present one 
mirror aid is fitted on the port side of the deck 
amidships but later it is intended to fit a second 
mirror on the starboard side. 

The deck is provided with six arrester wires, 
capable of arresting any naval aircraft in service, 


The mirror landing 
aid fitted on H.M.S. 
** Albion ”’—the _ first 
ship to be so equipped. 
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and catapult gear, comprising a hydraulically- 
operated ram, the speed of operation of which 
is controlled as required by high-pressure air. 
Two large high-speed electrically-operated lifts 
connect the flight deck with the hangar below, 
each being sufficiently large to accommodate 
two Sea Hawks. An automatic bomb hoist 
ransfers weapons of all types from the magazines 
to the flight deck and hangar. The lower station 
of this bomb hoist is adjacent to the sick bay, 
and thus it provides a convenient and speedy 
means for evacuating casualties from the flight 
deck. 


HANGAR FIRE PRECAUTIONS 


The hangar is equipped with two fuel ring 
mains connected to two storage tanks in the 
bottom of the ship, one carrying high-octane 
petrol for piston-engine aircraft and the other 
carrying aviation kerosine for the gas-turbine 
machines. Extensive fire precautions are pro- 
vided; entry to the hangar is through air locks to 
prevent the escape of fuel vapour. Within the 
hangar, a water-blanketing deluge system is 
provided which, in the event of fire, suppresses 
all the air inside the hangar and thus makes 
combustion impossible. To isolate local fires 
within the hangar, fireproof curtains are pro- 
vided. The hangar has its own workshops, 
well equipped with air-driven tools and used 
mainly for sheet-metal work. The ship carries 
its own oxygen-producing plant for charging the 
aircraft crews’ oxygen cylinders. 

H.M.S. Albion, the sixth ship in the Royal 
Navy to bear this name, is one of the four 
‘** Hermes ”’ class light fleet carriers, the other 
three being Centaur, Bulwark and Hermes. 
Built by Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, the Albion’s keel 
was laid down on March 23, 1944, and she was 
launched on May 6, 1947. She was laid up 
immediately after, and was not completed until 
1953. She was commissioned on May 24 this 
year. Just over a year ago she was “ adopted ” 
by the Confederation of the Cinque Ports. 

H.M.S. Albion has an overall length of 737 ft. 
and an extreme breadth of 123 ft. Her original 
design displacement was 18,300 tons, but owing 
to improvements in design, this is known to 
have increased quite appreciably. The ship 
has two shafts, driven by similar geared two- 
stage turbines supplied by the Wallsend Slipway 
and Engineering Company, Limited, Wallsend- 
on-Tyne. 

Each main engine unit is supplied with steam 
by two Admiralty three-drum boilers, fitted with 
economisers and superheaters. These boilers 
also supply the domestic steam-heating system 
and all the auxiliary turbine drives, which 
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H.M.S. ‘ Albion,” light fleet carrier of the 

Hermes class, has recently embarked Skyraiders, 

Sea Hawks and Dragonfly aircraft. The deck 
is angled at 54 deg. 


include high-pressure and low-pressure com- 
pressed-air supplies to the whole ship, the 
hydraulic pump supplying the catapult ram, and 
the power-operated twin rudders. The latter 
are also provided with alternative electric or 
Diesel drives. 

The ship has been designed to withstand 
considerable damage, underwater protection 
being provided by watertight subdivisions 
between the main transverse watertight bulk- 
heads. All the important machinery is duplicated 
and self-contained, and the stores are dispersed 
fore and aft. The electrical ring main and the 
fire main for providing fire-fighting water can be 
duplicated by emergency “ runs.” 

In order to combat damage the ship is divided 
into three self-contained sections, each of which 
has a local headquarters which controls repair 
teams within its own section. A “ damage 
control headquarters’ is located centrally to 
receive reports from all the sections and to 
assess the overall damage. It also controls the 
transfer of liquids within the ship to correct 
heel and trim. 


ELECTRICAL SERVICES 


Electrical power is distributed by an armoured 
cable which encircles the ship internally just 
above the waterline. This ring main is fed by 
eight generators, four of which are powered by 
steam turbines and four are Diesel driven. The 
distribution of power is centrally controlled by 
remotely-operated switches from the main 
switchboard room. Most domestic services are 
electrically driven. Heating, lighting (much of 
which is fluorescent), the laundry, galley, bakery, 
etc., all require electrical power. 

Air conditioning is available for the more 
important positions manned at action stations. 
The ventilation systems are almost entirely 
electrically driven, 342 large fans being fitted 
in addition to 400 smaller fans fitted in cabins, 
messes and offices. 

Electrical power is also required for the gyro 
compasses, gun armament, radar and wireless 
installations, and the 500-line automatic tele- 
phone exchange. 


Should the ship be damaged by enemy action 
or by accident, an elaborate system of emergency 
cables can be rigged to enable essential services 
to be maintained. In addition, over 600 emer- 
gency lanterns are fitted which are switched on 
automatically should the main lighting fail. 


GUNNERY 


Bombs of the largest types can be carried, 
together with large quantities of aircraft rockets 
and ammunition for the strike and fighter 
aircraft. The close-range defensive gun arma- 
ment comprises 26 40-mm. Bofors guns, mostly 
carried in multiple power-operated mountings. 
Each of these mountings is controlled by its 
own director, which, with precision radar, can 
automatically find and follow attacking aircraft. 
The ship is fitted to carry all airborne underwater 
equipment such as sonobuoys, mines and tor- 
pedoes. 

Ninety inflatable rubber lifesaving rafts, each 
capable of taking 20 men, are carried. This 
equipment has resulted in a considerable saving 
in weight and space. 


ACCOMMODATION, AMENITIES, 
STORES 


H.M.S. Albion has been fitted with the 
centralised messing system in which the ship’s 
company take their meals in two large dining 
halls, operated on the cafeteria system. All the 
messdecks are fitted with kit lockers and a 
bunk for each man. The bunks may be folded 
up into a vertical position when not in use. 
In some cases certain bunks are removed and 
stowed away by day to make a small recreation 
space. The bathrooms are fitted with stainless- 
steel wash-basins, running hot and cold water, 
individual shaving lights and mirrors, and fresh- 
water showers. A canteen, bookstall, ice-cream 
and soda fountains, a barber’s shop, a library 
and a cinema are among the amenities which 
are available. There is a small church which is 
also used as a school-room. 

Over 40 store rooms are distributed throughout 
the ship so that supplies may be maintained even 





Acting on the principle of a reflex camera, this 
apparatus enables still photographs to be made 
of a television programme. The complete 
exposure operation takes less than one second. 
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in the event of damage to part of them. There 
are large refrigerated spaces with separate 
compartments maintained at the correct tem- 
peratures for the preservation of meat, fish, 
dairy produce, fruit and vegetables. As an 
indication of quantities required, approximately 
14 tons of meat and 10 tons of vegetables are 
consumed weekly. 

The three galleys are equipped with electric 
ovens and machinery, steam-heated serving 
counters and steam ovens, and separate preparing 
rooms. The bakery is fully automatic. 

The sick bay is provided with 20 beds in four 
wards, a well fitted-out operating theatre, a 
dispensary, and certain X-ray, laboratory and 
physiotherapeutic equipment. The sick bay is 
air conditioned so that the best conditions prevail 
for the patients. 
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PHOTOGRAPHING 
TELEVISION 


Apparatus for Making Records 
Quickly 


For recording “‘ stills ” of a television programme 
Ferranti, Limited, Hollinwood, Lancashire, have 
developed a special camera unit which was 
exhibited in the electronics section at the recent 
Radio Show. The unit is shown in the illustra- 
tion below. 

The complete apparatus is built up from three 
basic units, which are: a standard television 
receiver employing a projection-type cathode ray 
tube; an electronic timer to determine the 
exposure period; and an optical system similar 
to that of a reflex camera, and using an f 4:5 
lens. The picture is projected upwards and, for 
normal viewing, is reflected by the reflex mirror 
on to the viewing screen which can be seen in 
the top front panel. When the picture is set-up 
correctly for this screen, it is also set correctly 
for photography. The type of plate used should 
be either P. 2000 or H.P.S., and it is held in the 
horizontal carrier on the top of the unit. When 
the operating button, which is to the right of the 
viewing screen, is pressed, the cathode-ray tube 
is biased-off, the mirror swings across and 
seals the viewing screen, the tube is brightened 
for the period of exactly one frame and then again 
cut off, the mirror swings back into place and the 
bias is restored to normal when the picture will 
reappear on the screen. The entire operation 
takes less than one second. The slide of the 
plate-carrier is then closed, and the plate deve- 
loped in the normal way. 

In this way, a photographic record can be 
obtained very quickly. Blurring due to move- 
ment is avoided as the exposure only lasts for 
one frame-period. The projection tube operates 
at 25 kV which, in conjunction with the plates 
mentioned, gives an adequate image density. 


x kek * 


DRYING WELDING ELECTRODES 


Transportable Ovens for Use on Site 


An electrically-heated oven for drying welding 
electrodes has been introduced by the Quasi-Arc 
Company, Limited, Bilston, Staffordshire. It 
has a capacity for 230 lb. of electrodes and the 
lifting handles are designed to take the fully- 
loaded weight. Ovens can be stacked one 
above the other ‘if-required. 
The temperature range is from 85 to 175 deg. C. 
and an adjustable thermostat gives control. 
Models are available to operate on alternating 
current at either 90/110 volts or 200/230 volts. 
Maximum power consumption is 2 kW. 














DRIP-FEED CASE 
HARDENING 


Liquid Gives Same Results as 
Prepared Town’s Gas 


For some time there have been case-hardening 
processes which utilised a liquid agent to 
produce the atmosphere required for the opera- 
tion. Now Wild-Barfield Electric Furnaces, 
Limited, Watford By-Pass, Watford, Hertford- 
shire, have developed a fluid which is claimed to 
give results equivalent to those obtained with their 
Prepared Town’s Gas process. It is stated that 
this fluid does not produce any excess carbon as 
soot, or any other deleterious product. Carburisa- 
tion can be carried out with it as quickly and as 
precisely as with the prepared-gas process. The 
fluid is known as “ Carbodrip,” and consists 
of a mixture of liquids, the composition being 
the subject of a patent application. 

In the illustration below is shown a complete 
carburising plant for using the Carbodrip 
process. On the left, against the wall, is the 
cylinder containing the fluid; in the centre is the 
electrically-heated carburising furnace and on the 
right, the cooling kiln. The fluid container 
shown will hold about four gallons; the size 
intended for regular working would contain 
about ten gallons. 

Compressed air is used to expel the Carbodrip 
from its cylinder, through a Rotameter flow- 
meter into the furnace. On the cylinder are 
fitted a liquid-level glass, a pressure gauge 
and a safety valve to accord with existing regu- 
lations. A pressure of about 5 Ib. per square 
inch is recommended and this may be obtained 
by fitting a reducing valve to the works’ air line, 
as in the illustration. A rate of flow above the 
minimum is not critical, although it is obviously 
uneconomical to use a great excess of the liquid. 
The liquid enters the furnace through a vertical 
pipe which can be seen on the left; the one on the 
right is the exhaust at the end of which the 
resulting gas can be burnt-off. Valves in the line 
control the rate of flow. 

When Carbodrip enters the furnace it is 
changed by the heat into carbon monoxide, 
methane and hydrogen with less than | per cent. 
of other gases. The actual proportions agree 
very closely with those obtained with Wild- 
Barfield’s Prepared Town’s Gas, as may be seen 
from the accompanying Table. Consequently, 
it is possible to carry out a similar carburising 
cycle; that is to form a hypereutectoid layer 
very rapidly and then to diffuse this slowly into 
the metal to give a final case of eutectoid compo- 
sition. Efficient circulation of the gas around 


the parts being treated is essential and therefore 
a centrifugal fan is incorporated in the furnace. 
For the same reason, the parts themselves 
should be spaced on the carrier. 


Analysis of Products of Carbodrip and Prepared Town's Gas 


Constituent 


Carbodrip | P.T.G. 


Carbon dioxide 

Oxygen a aa _ 
Unsaturated hydrocarbons 
Carbon monoxide ae 
Methane 

Hydrogen .. 

Nitrogen 





* These result from secondary reactions. 


Carbodrip is made from constituents that are 
readily available, but the final product is rather 
more expensive than town gas pro rata. How- 
ever, the capital cost of equipment is very much 
less as no catalytic preparation plant is required. 
Moreover, the process can be used where a 
gas supply is not available. Furnaces that would 
be considered too small to be operated economic- 
ally with Prepared Town’s Gas are quite suitable 
for use with Carbodrip owing to the lower capital 
cost involved, and as laboratory supervision is 
unnecessary. As an example of the amount of 
fluid needed in use, a batch of camshafts, made 
from En 32A steel and having a total weight of 
379 lb., required nine gallons for the complete 
process. If it is desired to carry out carbo- 
nitriding, anhydrous ammonia may be fed 
directly into the furnace or mixed with the 
Carbodrip. 


x *k * 


CONTROLLING RESISTANCE 
WELDING 


Built-up Units Permit 180 Different 
Sequences 


A range of electronic control equipment for 
resistance welding applications has been intro- 
duced by the industrial division of Philips 
Electrical Limited, Century House, Shaftesbury- 
avenue, London, W.C.2. With this equipment 
it is possible to carry out automatically any 
one of 180 different sequences to suit different 
welding requirements. Known as the Tempomat 
series P.E.5000, there are four cabinet sizes 
depending on the complexity of the programme. 
The smallest size houses a simple ignitron con- 
tactor unit and a synchronous thyratron firing 
unit, while the largest will accommodate the 
units needed for such facilities as pre-heat and 
post-heat control, pulsation welding with slope 
control, and time control of pressure and release 
cycles. The cabinets measure 14} in. by 242 in., 
and the largest is 783 in. high. Cooling of the 
ignitrons is by circulating water. 


Carbodrip is expelled 
from the small cyl- 
inder on the left by 
compressed air and 
produces a_ carbur- 
ising atmosphere in 
the electric furnace in 
the centre. The gas 
can also be used to 
form a protective at- 
mosphere in the cool- 
ing kiln on the right. 
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Tank-contents gauge with remote-reading unit. 


REMOTE-READING TANK- 
CONTENTS GAUGE 


Magnetic Coupling to Transmitter 
Unit 

Designed to satisfy the demand for a simple 
and reliable remote-reading tank-contents gauge, 
and capable of indicating accurately over 
distances ranging from feet to miles, an electrical 
transmitting tank gauge with a magnetic coupling, 
known as the Type B remote-reading contents 
gauge, has been introduced recently by Bayham, 
Limited, 12 Lower Grosvenor-place, London, 
S.W.1. The standard instrument operates on 
a 50-cycle 200/250-volt supply, consuming less 
than 2 watts. in continuous operation. Other 
instruments are available for operation from 
direct-current supplies. 

The type B gauge comprises three separate 
units—the tank unit, the power unit, and the 
receiver unit. The tank unit, available in 
two sizes depending on the length of float arm 
and amount of liquid surge likely to be present, 
comprises a float arm coupled with the electrical 
transmitting element by two similar Alcomax III 
sintered permanent magnets, which operate 
through the 4-in. wall of the brass body. The 
transmitting element is thus completely isolated 
from the liquid in the tank. It is hermetically 
sealed against moisture and is housed in a 
weather-proof casing. 


PRESSURES UP TO 560 LB. PER 
SQUARE ‘INCH 


The standard tank unit casing is designed to 
withstand pressures up to 80 lb. per square inch, 
but specially-designed units are available for use 
at pressures up to 560 Ib. per square inch, and 
also for high- or low-temperature applications, 
corrosive environments, etc. 

If required, the tank unit can be fitted with 
a 2-in. diameter local dial indicator, which is 
operated independently of the electrical supply 
by an additional magnetic coupling. 

Although the best position for the tank unit 
is on the side of the tank, midway between the 
upper and lower liquid levels, since this keeps 
the float arm length to the minimum, it can be 
satisfactorily installed on the side, top or bottom 
of the tank if required. 

The power unit, located adjacent to the tank 
unit, contains a trimming resistor, a low-tension 
fuse, and either a transformer and rectifier for 
alternating-current circuits, or a resistor for 
direct-current circuits, housed in a metal case. 
The latter has three 3-in. diameter plain conduit 
entries for the connections to the supply, trans- 
mitter and receiver units, respectively. The 
output from the power unit is low-voltage direct 
current. 

The receiver unit is a standard moving-coil 
panel-mounted instrument with a 34-in. or 6-in. 
diameter dial. 
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Demonstration of the first British heavy tracked vehicle with a gas-turbine drive. 


BRITISH MILITARY VEHICLES 


Nearly 100 military motor vehicles ranging from 
5-cwt. personnel carriers to 30-ton tractors for 
moving tanks and other heavy equipment took 
part, on September 30, in a unique demonstra- 
tion organised jointly by the Ministry of Supply 
and the Society of Motor Manufacturers and 
Traders. Arranged primarily to promote sales 
of vehicles to persons from overseas who were 
visiting the 17th Commercial Motor Show, 
it also served to show manufacturers and military 
attachés from other countries the extent of 
British progress in this special sphere. The 
display was held at the Fighting Vehicles 
Research and Development Establishment near 
Chertsey, Surrey. 

During the day, Britain’s first gas-turbine 
powered heavy tracked vehicle made an appear- 
ance. Ascan be seen from the illustration above 
its body is that of a heavy tank. Though still 
experimental, work has been in progress on the 
vehicle since 1947. It is regarded as a mobile 
test-bed instrumented to provide data for a final 
assessment of the desirability of developing this 
type of power unit for heavy military vehicles. 
The gas-turbine, which develops 1,000 h.p., 
consists of a single-stage centrifugal compressor 
driven by a single-stage axial-flow turbine at 
17,500 r.p.m. and a two-stage axial-flow power 
turbine which is in series with the latter but not 
mechanically connected. It was designed and 
made by C. A. Parsons and Company, Limited, 
Newcastle-on-Tyne, in collaboration with the 
Ministry of Supply. 

During the design a number of new problems 
had to be faced, among them the incorporation 
of a built-in reduction gear, a new gearbox and 
a new multi-plate clutch. The speed of the main 
turbine is 9,850 r.p.m. and the reduction gear 
has an output speed of 2,800 r.p.m. 

The combustion chambers are arranged so that 
there are two on each side of the engine centre- 
line. A synchro-coupling gear enables the work 
turbine to be mechanically connected to the 
compressor and prevents the work turbine over- 
speeding during gear-changing; it also enables 
a. braking effort to be obtained from the gas 
turbine. The transmission clutch is of con- 
ventional design and is servo assisted. 

The transmission unit of the vehicle supple- 
ments the natural high-torque characteristics of 
the turbine and provides for the differential 


steering requirements of a tracked vehicle. The 
cooling system incorporates a two-stage axial 
compressor which provides cooling air for the 
gearbox and turbine oil coolers, and for the 
braking system. Silencing of the air intake is 
provided by a series of silencing splitters installed 
ahead of the cyclone-type air cleaner. 

The display itself was arranged in sections. 
In one section a large collection of vehicles were 
set out on a single site for general inspection. 
One of the latest vehicles among them was a 
high-performance cross-country towing tractor 
with two-pedal control, power-assisted steering, 
three-point suspension combined with wheel 
articulation of + 12 in. and grouped controls. 
This vehicle, which is made by Leyland Motors 
Limited, at a Ministry of Supply Factory, was 
probably the largest on show. It has a Meteorite 
80 No. 2 Mk. 1 engine which enables it to achieve 
35 m.p.h. on open roads and 10 m.p.h. cross- 


A new 9-litre V8 engine 
produced by Jaguar 
Cars Ltd. It is com- 
pletely sealed for oper- 
ating under water. 
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country. Its overall height is 11 ft., length 
27 ft. 7 in., width 11 ft., and laden weight 
91,840 Ib. 

Another vehicle of particular interest was a 
6 X 6 armoured personnel carrier with a hull 
and turret of welded armour plate. The three 
axles of this six-wheeled vehicle are spaced 
equally along the hull and are in the form of 
articulating shafts. There is independent torsion- 
bar suspension on all wheels, enabling the hull 
to remain extremely stable while travelling over 
the roughest ground. 


DRIVING BELOW WATER 


Tracked vehicles were demonstrated in open 
country; wheeled vehicles performed over an 
extremely rough and hilly surface laid out to give 
the suspension and chassis the roughest operating 
conditions conceivable; and vehicles of all types, 
specially sealed and water-proofed, were driven 
through a wading tank 6-ft. deep. 

In one completely sealed fighting vehicle the 
driver was below water and was directed by an 
observer in a turret resembling a conning tower. 

An engineering section displayed test appara- 
tus, mechanisms and equipment. Being shown 
for the first time was the 9-litre V8 engine, 
illustrated below, designed by Jaguaz Cars, 
Limited, Coventry. It is a normally aspirated 
petrol engine with a bore and stroke of 114-3 mm. 
by 110 mm. respectively, and the cylinders are 
set at 90 deg. The brake horse-power developed 
is 320 at 3,750 r.p.m. and the torque is 450 Ib. ft. 
at 2,250 r.p.m. There are four valves, two inlet 
and two exhaust, per cylinder and the four 
overhead camshafts are based on the camshafts 
of the makers’ well-known 34-litre engine. The 
engine is completely sealed so that it can operate 
under water in wading operations. 

A number of power take-off points have been 
arranged. One at the front of the crankshaft 
will transmit half the total power output, and 
there is a smaller shaft, transmitting about 
30 horse-power, which can be used for driving a 
generator. A multi-prong single-point electrical 
connection is built in at the front of the engine. 
Although this engine has been designed for use 
in armoured fighting vehicles it is equally 
suitable for powering other tracked and wheeled 
vehicles. 
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THE EUROPEAN 


MACHINE TOOL 


EXHIBITION AT MILAN 


2—SOME SWISS EXHIBITS 
Continued from page 359 


The Swiss exhibitors at the 4th European 
Machine Tool Exhibition numbered 74; in 
point of numbers, therefore, Switzerland came 
fourth among the nations represented. The 
greater part of the exhibits were “‘ metal-working 
machines with and without stock removal,” 
and although there were some of considerable 
size, such as the de Roll precision forging 
machine, the well-known jig borers of the Société 
Genevoise and some big presses, the majority 
were of the smaller high-precision types which 
the Swiss machine-tool industry has developed 
so successfully for the production of components 
for watch-making and instrument-making. 


PRECISION FORGING MACHINE 


The precision forging machine referred to, 
which is made by the Société des Usines de Louis 
de Roll S.A., of Berne, and illustrated in Fig. 7, 
is manufactured in three sizes with maximum 
forging pressures of 60 tons, 100 tons and 
500 tons, respectively. The machine exhibited 
was the SFR 362, of 100 tons pressure. The 
workpiece is normally a cylindrical bar which is 
gripped by an air-operated chuck and fed 
downward, while rapidly rotating, between three 
swaging hammers actuated by eccentric shafts 
and guided connecting rods. The three hammers, 
which reciprocate in the horizontal plane, are 
equally disposed at 120 deg. round the vertical 
axis and strike simultaneously, so that there 
are no unbalanced forces acting on the work. 
The three eccentric shafts are driven through 
helical gearing by a 30-h.p. motor, and are 
pressure-lubricated. The forging tools are oil- 
cooled and the guides of the connecting rods 
are water-cooled to remove the heat conducted 
from the billet during forging. The chuck is 
cooled by compressed air. 

The bearings of the eccentric shafts are 
themselves mounted in eccentric housings so that 
the radial distance to the vertical axis can be 
varied to suit the diameter of the work. In the 
case of the SFR 362 machine, the maximum 
diameter of forging that can be accommodated 
is 90 mm., and the maximum reduction in 
diameter that can be effected with one set of 
tools is 32 mm. The maximum forging length 
is 1,000 mm. and up to seven reductions of 
diameter can be accomplished at one operation. 
Some typical forged parts are shown in Fig. 8. 
The hydraulic control mechanism automatically 
adjusts the radial setting of the hammers accord- 
ing to the desired diameter of the work, and the 
vertical movement of the chuck according to the 
length of the forging, and then co-ordinates the 
inward movement of the hammers and the axial 
movement of the work so as to produce any 
required steps in the diameters and the lengths of 
any given diameter, as regulated by the stops on 
the control drum. A template is introduced, 
in conjunction with the stops on the drum, to 
produce tapers or other non-cylindrical shapes. 
The dimensional accuracy claimed is a tolerance 
of + 0-2 mm. (0-008 in.) with hot forged steel 
pieces from 40 to 60 mm. in diameter, i.e., 
about the accuracy o° rough turning. 


GEAR CUTTING AND GRINDING 


The Maag Gear-Wheel Company, Limited, 
Ziirich, showed a gear-grinding machine, Type 
HSS-60/80-B, for grinding spur and helical 
gears from 5-9 in. up to 32-4 in. in diameter, 
fitted with an attachment for producing tip and 
root relief of the tooth profile of any desired shape 
and size, with complete interchangeability. They 
also showed in operation a gear-cutting machine 
of their Type SH-45, designed to cut spur and 
helical gears from 0-8 in. to 17-7 in. in diameter 


and 4-7 in. maximum width of face. By employ- 
ing a rack-shaped cutter with oblique teeth, 
mounted in a holder capable of rotation in the 
vertical plane (as shown in Fig. 9), this machine 
will cut cluster gears with helical teeth, or helical 
gears, of such form that there is not sufficient 
space for an ordinary tool to enter or clear the 
cut. This method is extensively adopted in 
cutting cluster gears for motor cars and motor 
cycles. 


AUTOMATIC COPYING LATHES 


The stand of George Fischer, Limited, of 
Schaffhausen, was devoted to examples of their 
copying lathes. Six types were exhibited, three 
of which embodied new features. The KDM- 
18/150 lathe is now fitted with an automatic 
thread-cutting device, which enables threads or 
similar profiles to be cut on, for example, cable 
drums at the same time as, or immediately after, 
the copy-turning of the main workpiece, and 
without removing or adjusting it. 

Hitherto the KDM-7/50 copying lathe, though 
automatic in operation, has had to be loaded by 
hand. Now, however, it has been fitted with a 
magazine from which it is automatically loaded, 
the only manual operation being that of filling 
the magazine with blanks, and inserting the first 
one between the centres. When the piece has 
been turned, the driver unclamps and the 
tailstock simultaneously retracts, while a lifter 
removes the finished work and places it in a box. 
A gripper on the carriage then brings forward a 
new blank and a loading attachment inserts it 
between the centres. The driver clamps one end 
while the tailstock approaches to support the 
other, and the cycle is repeated. The main 
spindle stops automatically when the last work- 
piece has been turned and the magazine is empty. 

The third new machine, the KDM-28/7-F2 
copying lathe (shown in Fig. 10) is a chucking 
machine designed for the production of ring- 
type components such as the races of ball and 
roller bearings, and is available with either one 
headstock or two. The copying slide is mounted 
on the feed carriage and can be readily set at 
60 deg., 90 deg. or 125 deg. to the axis of rotation. 
In the first and third of these positions, right-angle 
shoulders can be turned, and at the 90 deg. 
position, spherical profiles; and in all cases 
either external or internal copying can be done. 
The sequence of operations is controlled auto- 
matically by a valve, provided with bored holes 
and grooves, which rotates by the amount 
necessary to bring each oil channel into use in 
turn. Different operating sequences require 
different control valves, but one can be taken 
out and another inserted in a few seconds. 
Another device fitted on this machine is a 
swivelling template-holder also operated auto- 
matically; two templates can be attached to the 
holder and brought into use in sequence, thus 
enabling two successive cuts to be made, from 
different templates, without stopping the machine. 


UNIVERSAL MILLING MACHINE 


From the variety of universal milling machines 
shown on the stand of Messrs. Aciera S.A., Le 
Locle, we select for description the F.4 type 
shown in Fig. 11. In this machine, which has a 
working surface of 10 in. by 32 in., separate three- 
phase motors, with star-delta control, drive the 
milling spindle, the feed gear and the coolant 
pump. Each motor is separately protected 
against overloading by a switch with a thermal 
release, and the two motors driving the milling 
spindle and the feed gear are connected to the 
main switch, which controls also the direction of 
rotation of the spindle, which may be in either 
direction. The spindle speed and the longitudinal 





Fig. 7 A precision forging machine made in three 
sizes of 60, 100 and 500 tons forging pressure. 
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Fig. 8 Typical forgings produced on the machine. 

The accuracy is approximately equivalent to that 

of rough machining; non-cylindrical shapes can 
be produced. 


Fig. 9 Rack-shaped cutter with oblique teeth, 
mounted on a Maag machine for cutting cluster 
gears. 
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Fig. 11 Universal milling machine with steplessly 
variable feeds and spindle speeds. 





Fig. 12 Sliding-headstock automatic lathe with 
six-tool drum turret and five radial tool slides. 








Fig. 10 Copying lathe for producing ring-shaped components. Spherical profiles, internal and external 
turning can be accomplished. 


and vertical feeds are steplessly variable, and the 
automatic feed is combined with a separate 
rapid feed motion at a constant speed, brought 
into action by a pedal. The headstock is 
movable on the pillar slide, the adjustment being 
by hand. The work table can be moved vertic- 
ally or longitudinally either by hand or auto- 
matically. Adjustable cams are fitted as stops 
for the feed motion, and the graduated dials 
and scales for the various motions enable 
settings of the workpiece to be made within a 
margin of 0-0004 in. (0-01 mm.). The maximum 
height from the table to the spindle axis is 174 in. 


CIRCULAR DIVIDING TABLE 


Another exhibitor from Le Locle was the 
Usine II of Dixi S.A., who displayed their 
Dixi 60 precision horizontal boring and milling 
machine, a feature of which is the use of large 
graduated scales for setting, whereby, it is 
claimed, a direct reading can be obtained on the 
boring table, without the use of micrometers 
or verniers, to within 6 sec. of arc. 

As a further aid to precision work, however, 
the firm have developed, primarily for use on 
the Dixi 60 machine, an optical circular dividing 
table of notable versatility. It has a diameter of 
450 mm. (173 in.) and hence is listed as the 
Dixi 450. The baseplate is so constructed that 
the table can be mounted on the machine on the 
edge of the base, i.e., with the surface of the 
table in the vertical plane, as shown in Fig. 13. 
It is clamped in four places simultaneously by 
the movement of a single lever, without any 
distortion or disturbance of the angular setting. 
The optical system is adjusted with reference to 
the four main T-slots, which may be used, 
therefore, as exact reference lines or surfaces 
when securing the workpiece, the maximum 
difference between measurements taken at the 





Fig. 13 High precision circular dividing table Fig. 14 Vertical-spindle automatic lathe. The 
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ends of the slots being only 0-0002 in.. Guiding 
marks are provided to facilitate setting for series 
work, enabling the coarse adjustment to be 
effected so accurately that only a slight movement 
of the fine adjustment is required. It is stated 
that the time taken for an adjustment, including 
releasing, coarse adjustment, fine adjustment and 
clamping, need be no more than 10 sec. The 
accuracy of angular adjustment, repeatable 
indefinitely, is 1 sec. of arc, which corresponds 
to slightly more than 0-00004 in. at the periphery 
of the table, and this can be read directly, 
without approximation. The overall height of 
table and baseplate is only 150 mm. (5{ in.). 


SWISS-TYPE AUTOMATICS 

The so-called ‘* Swiss-type ’’ automatic lathe, 
characterised by the mounting of several tools in 
radial slides on the headstock, though not 
initially invented by the firm of André Bechler 
S.A., of Moutier, has been so extensively deve- 
loped by them as to be almost equally well 
known as the Bechler type, and is now used all 
over the world for such precise quantity- 
production work as the manufacture of watch 
and instrument parts, dental tools, etc. 

Messrs. Bechler showed a number of their 
standard machines at the Milan Exhibition, and 
also their latest development, the sliding- 
headstock lathe, listed as the AR-10 type, with 
a six-tool drum turret in addition to five radial 
tool slides (Fig. 12). The turret has six socketed 
spindles, carried in interchangeable bearing 
bushes, into which a variety of tools can be fitted. 
The drive is through interchangeable gears, 
and the variety of possible setting arrangements 
makes it possible to drill complicated multi- 
diameter bores with standard twist drills. Tool 
holders can be inserted, if desired. The turret 
is indexed hydraulically. 


VERTICAL-SPINDLE AUTOMATIC 
LATHE 

The six-spindle vertical automatic lathe 
(Fig. 14) shown by the Tavannes Machines S.A., 
of Tavannes, Switzerland, has six separate 
machining positions, each with a bottom “ tool 
barrel,” which may be either rotating or fixed, 
according to the operation being carried out. 
The vertical arrangement, it is claimed, not only 
reduces the floor space required, but also 
facilitates the removal of swarf and the lubrica- 
tion of the working parts, the base of the machine 
forming a large oil tank. The stock bars are 
supported on end in a frame above the machine 
and feed downwards by their own weight. Numer- 
ous special appliances can be fitted. The oper- 
ation may be either partly or wholly automatic. 

To be continued 





with optical adjustment. Designed for rapid stock bars are supported on end in a frame above 


setting and for mounting on its edge when required. 


the machine and feed downwards by gravity 
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COMMERCIAL VEHICLE SHOW 


CHASSIS, ENGINES AND AUXILIARIES 
Concluded from page 446 


Exhibitors were encouraged at the commence- 
ment of the 17th Commercial Vehicle Show, 
which closes on October 8, by the knowledge 
that their industry had achieved a record output 
of 16,736 vehicles during August of this year. The 
export figures and income therefrom were 
9,083 vehicles and £5,229,350, respectively. 
The exhibition has shown that the industry is 
not confining itself to the betterment of existing 
designs; a great many more new vehicles than 
might have been expected made their appearance. 
From reports coming in of orders received there 
is little doubt that this policy is proving its worth. 

Some of the developments which could be 
seen at the exhibition for the first time were 
mentioned on pages 410 and 445 of our issues of 
September 24 and October 1, respectively, and 
we conclude below our account of the exhibition. 


PASSENGER-VEHICLE CHASSIS 


Copenhagen Tramways, the first undertaking 
to operate vehicles with the new Royal Tiger 
Worldmaster chassis, built by Leyland Motors, 
Limited, Leyland, Lancashire lent one of their 
buses for exhibition. The new range of chassis, 
one of which is illustrated herewith, combines for 
the first time many of the successful auxiliaries 
and techniques recently developed at Leyland. 
The range includes models for high-speed inter- 
city working, for heavily-loaded urban services 
or for luxury-coach touring. 

Ten different models are being made with 
wheelbases of 20 ft., 18 ft., and 16 ft. 3 in. 
for bodies with box dimensions 8 ft. wide by 
36 ft., 34 ft., or 30 ft. long, equipped with left- or 
right-hand driving controls. They are powered 
by 11-1-litre horizontal engines. The other 
features are the pneumo-cyclic gearbox with 
two-pedal chassis control dispensing with the 
need for a clutch pedal, and the two-pressure 
pedal diaphragm-operated air-braking system. 

Located amidships below frame level is a 
six-cylinder Diesel engine rated to produce 
150 brake horse-power at 2,000 r.p.m. Its fuel 
consumption range is from 0-35 pints per 
brake horse-power per hour to a maximum 
0-38 pints per brake horse-power per hour. As 
an alternative power unit, the 125-h.p. 600-type 
Leyland engine can be fitted. 

The pneumo-cyclic gearbox has already been 
described in ENGINEERING, vol. 176, page 694 
(1953). It has four forward speeds and reverse, 
the three indirect forward gears and reverse 
being produced by epicyclic gear trains, each 
composed of sunwheel, planet wheels and 
annulus. Top gear, in which the whole of the 
gearing rotates as a solid unit, is obtained 
through a multi-plate clutch. The diaphragm- 
operated air brakes will enable this vehicle to 
maintain with safety high average operating 
speeds. Moderate pressure on the brake pedal 
releases air progressively for normal service 
braking, and additional pedal pressure against 
an adjustable spring-loaded buffer releases a 
full force of air for emergency stops. Each 
wheel has its own direct-acting brake chamber, 
and the brake camshafts are operated through 
short pushrods and levers. The cam has a 
specially-designed profile which gives a pro- 
gressive lift to the brake shoes, irrespective of 
the thickness of the liners, and this functions 
progressively until the }-in. thick liners are com- 
pletely worn. Moulded liners are used in 
combination with 154-in. diameter drums, and 
there is an effective foot-braking area of 702 sq. 
in, and a hand-brake area of 432 sq. in. A sliding 
sleeve of the hand-brake linkage mechanism 
permits the rear brake camshaft levers to be 
moved mechanically without disturbing the air- 
brake operating cylinders. The brake adjust- 
ment is effected by turning Bendix-Westinghouse 
slack adjusters. 

For vehicles which will be required to operate 


in hilly or mountainous country, an exhaust 
brake can be fitted. A lever on the change- 
speed column controls the air-operated mechan- 
ism which closes the exhaust outlet to transform 
the engine into a compressor and simultaneously 
cut off the fuel supply. 

A new underslung worm-driven axle is used 
with large 9-in. centres capable of transmitting 
a far greater load than can be imposed by the 
150-h.p. Diesel engine. It has an improved 
design of worm wheel, a new worm shaft with a 
multi-start thread and large sun and planet 
wheels. It incorporates involute-splined shafts 
said to have a fatigue life three to four times 
longer than previous shafts. 

Semi-elliptic laminated springs of equal length 
and with slightly reversed cambers are employed 
on front and rear axles, and hydraulic shock 
absorbers are fitted to the front axles. 


FOUR-CYLINDER HORIZONTAL 
DIESEL ENGINE 


The present trend towards the use of horizontal 
engines which can readily be mounted beneath 
the floor has prompted the introduction by 
Henry Meadows, Limited, of Wolverhampton, 
of a four-cylinder Diesel engine of this type. 
The new engine, which is being displayed for 
the first time, is the 4 HDC-330 capable of deve- 
loping 85 b.h.p. at 2,200 r.p.m. The maximum 
torque is 230 lb. ft. at 1,350 r.p.m. and its weight 
including the flywheel is 1,100 lb. A square 
bore and stroke of 4-724 in. have been used and 
the cubic capacity is 331 cub. in. (5-43 litres). 

The size of this engine will make it particularly 
suitable for installation in light-weight vehicles. 





**Royal Tiger World- 
chassis with 
an underfloor Diesel 
engine, designed for 
passenger 
vehicles. 


master ”’ 


service 
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It has a fuel consumption of 0-43 Ib. per brike 
horse-power-hour at 2,200 r.p.m., and is desig ied 
to give easy access to the auxiliaries for servici 1g, 

The engine upon which the design was based 
is the company’s 4 DC-330 vertical engi.e, 
Similar components have been been used or 
these engines, but it was found that the horizon ‘al 
engine would perform quite satisfactorily without 
the harmonic-balancing system fitted to the 
vertical model. 


30-TON DRIVING AXLE 


To meet the conditions under which certain 
vehicles are required to operate and the varied 
duties that they are called upon to perform, larger 
and more powerful rear axles are necessary, 
An example of one of the larger of these axles 
is shown in the drawing herewith. It is designed 
for a tractive effort of 30 tons, nearly twice that 
of a main line locomotive. This particular axle 
was shown by Kirkstall Forge Engineering, 
Limited, Leeds 5, who have designed it for use 
on an articulated truck to be built by Transport 
Equipment (Thornycroft), Limited. 

As earth-moving vehicles are expected to 
operate in open country under the most arduous 
conditions maintenance becomes a _ difficult 
problem, particularly as it must often take place 
on the site. In originating the design of this 
axle it was therefore considered essential that 
all the wearing parts should be made as accessible 
as possible, and in order to obtain the required 
tractive effort it was necessary to cover a range 
of ratios from 22 to 32 to 1. A reduction as 
large as this, however, could not be incorporated 
in the axle centre without making a gear 
assembly of complicated construction and 
enormous size. Most of the reduction gearing 
has therefore been built in the hubs. 

A further advantage to be obtained from this 
layout was to have a small axle centre which 
would give the maximum ground and body 
clearance and a small differential assembly easy 


85-h.p. ‘Diesel engine 
for mounting beneath 
the floor of a vehicle. 
It has been possible to 
omit the harmonic bal- 
ancing device used in 
the vertical version of 


this engine. 
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The tractive effort developed at the wheels of this large driving axle, suitable for heavy earth-moving vehicles, is 30 tons. In order to minimise the 
size of the axle centre, reduction gears are housed in the wheel hubs. 


to handle when repairs are necessary. The 
arrangement of the mechanical units is shown in 
the accompanying drawing. 

The reduction in the hubs is 13-22 to 1 and 
the reduction in the centre varies approximately 
from 1:6 to 2:4 to 1. This modest reduction 
enables a small-diameter crown wheel to be used, 
allowing a rigid mounting to be provided for the 
gears, and the whole unit can be housed in a casing 
of moderate size. 


PLANETARY GEARS 


The big reduction in the hubs has been obtained 
by using a two-stage reduction consisting of two 
sets of planetary gears. These gears are com- 
pounded so that the reactions from the primary 
reduction act in the same direction as those of the 
final reduction, and as both sets of gears are doing 
useful work the final set of gears can be made 
smaller than would otherwise be possible. The 
whole of this gear assembly can be removed 
without disturbing the road wheels and without 
jacking up the vehicle. As the speed of the 
axle shafts is higher than normal the shafts have 
been made tubular to avoid any possibility of 
vibrating or whirling. The inner and outer ends 





of the axle shafts are flash-butt welded to the 
tubular centre. 

To ensure that the planetary gears are mounted 
concentrically and that they run true, each hub 
is mounted on one cylindrical roller bearing and 
one ball bearing. Both bearings are mounted 
on a common sleeve which fits on to the axle 
arm, this method being chosen because of 
difficulties associated with handling large parts. 
This also enables the whole of the hub unit to 
be built up completely apart from the axle, and 
the assembly problem is simplified as the sleeve 
is easily pushed over the tapered axle arm. 

Oil seals prevent the oil from the hub gears 
entering the differential assembly. The hub 
gears and the outer-hub bearings are lubricated 
with gear oil and the inner bearing is lubricated 
by grease. Special face-type oil seals ensure that 
oil from the hub gears does not enter the bearings 
and also prevent grease leaking on to the brake 
shoes. 

The brakes are 26} in. in diameter by 10 in. 
wide and the brake linings are } in. thick. Worm 
adjusters on the brake levers enable the full 
brake lining thickness to be used. The axle is 
arranged to suit 24-00 in. or 27-00 in. by 33 in. 


All wearing parts of 
the axle are arranged 
accessibly for ease of 


maintenance on the site. 


single tyres or alternatively twin tyres 18-00 in, 
by 33 in. can be fitted. 


DOUBLE HYPOID-DRIVE BOGIE 


Also shown on the Kirkstall Forge stand was 
a double hypoid-drive bogie. This unit has been 
designed to meet the recent demand for double- 
drive bogies incorporating bevel gears. The 
demand has arisen because such gears have a 
higher efficiency at slow speeds than the worm 
gear normally used. 

Various attempts have been made to produce 
a satisfactory arrangement, all of which neces- 
sitated a separate drive to each axle of the bogie, 
making a very complicated cardan shaft layout. 
To overcome these difficulties an arrangement 
of bevel gearing which enables a straight-through 
drive to be taken from one bogie axle to the other 
axle of the same bogie has been developed. 

Hypoid gears are used and advantage is taken 
of the normal offset of the hypoid pinion to 
enable a drive shaft to pass over the normal 
axle shafts to transmit the drive to the rearmost 
axle. A good rigid mounting for the hypoid 
gears is provided and the normal third differ- 
ential introduced by this company many years 
ago is incorporated. The third differential can 
be replaced by a solid drive if required, but 
much better tyre mileage is obtained when the 
third differential is fitted. 

A further reduction is provided by concentric 
gears in the hubs which are mounted on cylind- 
rical roller and ball bearings to ensure absolute 
concentricity to the hub gears. The brakes are 
164 in. diameter by 6 in. wide. The suspension 
arrangement is very similar to that used on the 
company’s worm-driven bogies, the springs being 
provided with ball ends allowing free articulation 
without twisting the springs. 


DISC BRAKES 


The central feature on the stand of Géirling, 
Limited, Tyseley, Birmingham, was the segmental- 
type disc brake as fitted to production versions 
of the new single-deck passenger vehicles of the 
Birmingham and Midland Motor Omnibus 
Company. It will be recalled that in September 
last year the B.M.M.O. announced the introduc- 
tion of a new passenger vehicle. Among its 
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The Girling segmental-type disc brake. 
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Diesel fuel-injection pump of small dimensions ; 
driven by a central shaft with two opposed pistons 
delivering the fuel to the injectors. 


features were integral construction, plastic body 
panelling, rubber suspension—and Girling disc 
brakes on all four wheels, plus an experimental 
disc-type transmission brake. The wheel brakes 
as fitted to the prototype vehicles have undergone 
modification in the light of running experience 
and the latest type illustrated herewith, which is 
being fitted to the production vehicles, is the one 
that was exhibited. The principal difference 
is the replacement of the small pastilles or 
pads of friction material by segments of con- 
siderable thickness actuated by hydraulic 
cylinders well removed from the sources of heat 
generation. As a direct result of these changes 
the two initial problems of vaporisation of the 
hydraulic fluid and rapid wearing of the friction 
pads have been satisfactorily solved. Vaporisa- 
tion does not now occur, it is stated, even under 
extremely arduous conditions, and wear of the 
friction segments now compares favourably with 





the wear which occurs with brakes of the shoe 
and drum type. 


DISTRIBUTOR INJECTION PUMP 


A new distributor-type injection pump, which is 
being made under licence from American Bosch, 
was on show for the first time on the stand of 
Simms Motor Units, Limited, Oak-lane, London, 
N.2. It has been designed to provide a simple 
and compact injection pump suitable for small 
high-speed Diesel engines having a swept volume 
up to about one-litre per cylinder. On engines 
of this size the space available for mounting the 
conventional in-line type of injection pump is 
usually limited. The distributor type of pump 
not only overcomes this difficulty but also employs 
a much simpler type of mounting, by using a 
shank similar to that of an ignition distributor, 
thus effecting appreciable economy by dispensing 
with the necessity for a mounting platform and 
drive coupling. 

The new injection pump incorporates a 
variable-speed centrifugal governor and feed 
pump, while automatic advance of the point 
of injection may be incorporated very easily 
without any considerable increase in the size 
or cost of the pump, a feature which, it is stated, 
is not easily obtainable with the conventional 
type of injection pump. 


2:2-LITRE DIESEL ENGINE 


The British Motor Corporation’s new 2:-2-litre 
Diesel engine introduced at the show is to be 
offered as an alternative engine in the Morris 
Commercial L.D.1 and L.D.2 vans which we 
mentioned on page 446 of our previous issue. 
This four-cylinder engine is one of the smallest 
Diesels to be introduced at this year’s exhibition. 
It has been developed specially to suit medium- 
weight delivery vehicles, taxis and hire cars. 

The cylinders are integrally cast with the 
crankcase and fitted with replaceable liners. 
The cylinder is a single casting designed to carry 
overhead valves which are operated by push 
rods and rockers. Large inlet valves and small 
exhaust valves are used with the Ricardo Comet 
III combustion chamber. The injection nozzles 
are also part of the cylinder-head assembly and 
heater plugs are fitted to assist cold starting. To 
obviate valve-spring surge and give quiet opera- 
tion, cams of patented design are used. 

The performance of this engine is 55 b.h.p. 
at 3,500 r.p.m. and the maximum torque is 
89 ft. Ib. at 2,500 r.p.m. Its compression ratio 
is 20 to 1. With cylinders of 3-25-in. bore and 
a stroke of 4 in. the cubic capacity is 132-7 
cub. in. (2,178 c.c.). The engine is being 
manufactured by the Austin Motor Company, 
Limited, Longbridge, Birmingham. 


FOUR-CYLINDER SUPERCHARGED 
AND UNSUPERCHARGED DIESEL 
ENGINES 


Among the C-range of Diesel engines that were 
displayed by Rolls-Royce, Limited, Derby, were 
their new four-cylinder supercharged and unsuper- 
charged engines. The latter develops 123 b.h.p. 
at 2,100 r.p.m. and the former 167 b.h.p at the 
same speed. General details of the two engines 
are similar and their design is based on the six- 
and eight-cylinder models in this range which 
have been in production for some time. The bore 
is 54 in. and the stroke 6 in. The supercharged 
version, C4.SFL, weighs 2,130 Ib., 90 lb. more 
than the unsupercharged model C4.NFL. 

The basic engine has been developed to power 
road and rail transport and heavy tractors, and 
for stationary and marine installations. Both 
engines operate on the four-stroke principle, and 
the design is such that a high power to bulk ratio 
is obtained. Plans are also in hand for a version 
using light alloy where possible, for applications 
where a further weight saving is essential. 

One of the more unusual features of these 
engines is the provision made for varying the 
position of the auxiliaries to assist accommoda- 
tion of the engine in a limited space. Thus the 
designer of a vehicle which is to use this engine 
is allowed considerable latitude. 

The crankcase is so designed that the wheelcase 
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and flywheel housing can be fitted to either end; 
the exhaust system, supercharger, filters and other 
externally mounted units can therefore be fiited 
on either the left- or the right-hand side of the 
engine to suit different installations without «ny 
alteration to the crankcase casting. 

The crankshaft has an _ externally-moun ed 
viscous torsion damper at the front end ‘or 
reducing the crankshaft oscillations over the full 
running range. The light-alloy pistons are 
recessed in the crown to form a toroidal combus- 
tion chamber, and the overhead valves are push- 
rod operated. The supercharger is of the Roots 
type, driven by a gear train and spring drive 
from the timing gears at approximately twice 
crankshaft speed. It gives about 8 lb. per 
square inch boost at an engine speed of 1,800 
r.p.m. 

To bring the engine oil rapidly to its most 
efficient working temperature and to maintain 
it at that temperature under all conditions, a 
heat exchanger is used. 

Wet or dry sump lubrication is available. 
Dry sump lubrication with an oil reservoir and 
scavenge pumps makes the engine suitable for 
working on inclines of up to 40 deg. Twin oil- 
pressure relief valves are fitted in the lubricating 
system; one valve maintains the main oil 
pressure at 40 to 60 lb. per square inch and the 
other provides a by-pass in the event of the oil 
filters becoming choked. 

Starting aids have been developed to enable the 
engine to be started on suitable fuels at tempera- 
tures as low as minus 40 deg. C., and alternative 
air or hydraulic starters can be accommodated, 

The dynamo, according to the electric power 
requirements of the installation, may be up to 
7-in. diameter with an output of 810 watts. It 
is mounted on the crankcase and belt driven in 
series with the coolant pump. The compressor 
developed for these engines is a twin-cylinder 
unit with a free air delivery of up to 15 cub. ft. 
per minute and there are no separate filters to 
service as lubricating oil and air are tapped from 
the engine services. 

The compression ratio of the four-cylinder 
supercharged model is 16 to 1 and the unsuper- 
charged 14 to 1. The torque is 600 Ib. ft. at 
1,250 r.p.m. and 465 Ib. ft. at 1,350 r.p.m. 
respectively. 


METROPOLITAN TAXICAB 


A new taxicab designed by Beardmore Motors, 
Limited, 167-169 Great Portland-street, London, 
W.1, was on show for the first time. This vehicle 
will use a Ford Consul four-cylinder engine. 
Designed to comply with the Scotland Yard regu- 
lations for use in the Metropolitan area it has a 
turning circle of 25 ft., a wheel base of 8 ft. 8 in., 
and a ground clearance fully laden of 6 in. The 
overall length is 13 ft. 104 in. and width 5 ft. 6 in. 

The chassis frame consists of two longitudinal 
cross members of pressed-channel box section 
with welded filling-in plates and substantial 
cross bracing in the form of an X. Apart from 
the front and rear members, which have been 
made detachable for accident repairs, welding 
has been used throughout. An open-ended box 
member set at the centre of the cross bracing 
serves as a tunnel for the transmission shaft. 

Longitudinal semi-elliptic springs are used 
for carrying the front and rear axles, and hydrau- 
lic shock absorbers of telescopic type are 
mounted vertically near the centre of each spring. 
The springs shackles have been made inter- 
changeable and bolted for ease of replacement. 

The front axle is in the form of an I-section 
beam. The rear axle, which is the semi-floating 
type, has a hypoid final-drive and is coupled 
by a single Hardy-Spicer shaft to the gearbox. 
Three-point mounting is used for the engine 
which gives an output of 47 brake horse-power 
at 4,400 r.p.m. and a torque of 74 Ib. ft. at 2,400 
r.p.m. Its cylinder head incorporates volume- 
controlled combustion chambers which are said 
to give economy and smooth running. The 
overall gear ratios are 5-875, 10-105 and 16-698 
to 1 forward and 22-6 to 1 reverse. 

The body has been constructed by Windovers, 
Limited, The Hyde, London, N.W.9, and is 
panelled in aluminium. 
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NOTICES OF MEETINGS 


Aslib 
LONDON 
“ Libraries: By a Renegade,” by H. Stanley Hyland. Royal 
Society of Arts, John Adam-street, Adelphi, W.C. 2. Thurs., 
Oct. 14, 6 p.m. 


Association of Supervising Electrical Engineers 
BIRMINGHAM 
“Carbon in Industry,” by M. W. Howard. Birmingham 
Branch. Chamber of Commerce, 95 New-street, Birmingham. 


“Conquest of Power,” by R. J. Steele. Bradford Branch. 
Midland Hotel, Bradford. Wed., Oct. 13, 7.30 p.m. 
YORK 


Discussion on “ Ball and Roller Bearings,” York Branch. 
Fy eat House Café, Coney-street, York. Wed., Oct. 13, 
7A 


British Jostitation of Radio Engineers 
NEWCASTLE-UPON-TY 
“Radio Production,” = H. G. Wood. North-Eastern 
Section. Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
Wed., Oct. 13, 6 p.m. 


Chemical Society 
NOTTINGHAM 


“ Direct Hydroxylation of Organic Compounds,” by ye 
W. Bradley. The University, Nottingham. Thurs., Oct. 14 
4.45 p.m. 
Illuminating Engineering Society 

LONDON 

Presidential Address on “ Lighting and Electricity Supply,” “4 
Lennox. Royal Institution, 21 Albemarle-street, W.1 

Tues., Oct. 12, 6 p.m. 


Incorporated Plant Engineers 
BIRMINGHAM 
Discussion on “ Caterpillar Tractors,” 
Mobile Plant Discussion Group. 
Fri., rl 15, 7.30 p.m. 
CHATH 
Ghccmien on “ Air Pollution.” 
Kent Branch. Central Hall, 
7 p.m. 
DUNDEE 
Film: ‘ Materials Handling.” Dundee Branch. Mathers 
Hotel, Dundee. Mon., Oct. 11, 7.30 p.m. 
LIVERPOOL 
“Repair of Cracked Castings,’ by N. Tinwell. Merseyside 
and North Wales Branch. Radiant House, Bold-street, 
Liverpool. Mon., Oct. 18, 7.15 p.m. 
MANCHESTER 
“Control of Combustion by Estimation of Excess Oxygen,” 
by T. C. Farquhar. Manchester Branch. Engineers’ Club, 
Albert-square, Manchester. Tues., Oct. 12, 7.15 p.m 
NEWCASTLE-UPON-TY NE 


with film. Birmingham 
Imperial Hotel, Birmingham. 


Special Meeting of the 
Chatham. Thurs., Oct. 14, 


“ Classification of Fire Hazards,” by D. McClean. North- 
East Branch. Roadway House, Oxford-street, Newcastle- 
upon-Tyne. Thurs., Oct. 14, 7 p.m. 

NOTTINGHAM 
“Our Future,” by H. S. Seaborne, general secretary of the 
Institution. East Midlands Branch. Adult Education Centre, 


Shakespeare-street, Nottingham. Wed., Oct. 13, 7 p.m. 
Institute of British Foundrymen 
BEDFORD 


Presidential Address on ‘‘ Methods and Why,” by E. Daybell; 

and film on “ The Production of Heavy Steel Castings.” 

Bedfordshire and Hertfordshire Section. At works of W. H. 

Allen, Sons & Co., Ltd., Bedford. Thurs., Oct. 14, 7.30 p.m. 
IPSWICH 

Presidential Address. East Anglian Section. Public Library, 

Ipswich. Tues., Oct. 19, 7.30 p.m. 


Institute of Fuel 
LONDON 


“Heat Transfer in a Continuous Reheating Furnace,” by 
Professor R. J. Sarjant and Dr. D. Smith; and “‘ The Signifi- 
cance of Sectional Heat Balances and Burner Performances in 
Furnaces,” by Dr. N. P. Bacon and Professor R. J. Sarjant. 
Institution of Civil Engineers, Great George-street, S.W.1. 
Thurs., Oct. 14, 5.30 p.m. 
BIRMINGHAM 

“ Fuel and the Ceramic Industry.” Chairman’s Address, by 
E. B. Gibbons. Midland Section. James Watt Memorial 
Institute, Great Charles-street, Birmingham 3. Tues., Oct. 19, 


6 p.m. 
MIDDLESBROUGH 
“ Oil-Firing of Open-Hearth Steel Furnaces,” by T. Chippin- 
dale and A. B. Pritchard. North-Eastern Section. Cleveland 
Institute, Middlesbrough. Mon., Oct. 11, 6.30 p.m. 
NOTTINGHAM 
“ Utilization of Residual Fuel Oils,” by C. A. Roast. East 
Midland Section. Gas Board’s Showrooms, Nottingham. 
Wed., Oct. 13, 6.15 p.m. 


Institute of Marine Engineers 
by Dr. W. P. Mansfield. 


LONDON 
“Some Fuel-Injection Problems,” 
Tues., Oct. 12, 5.30 p.m. 
Institute of Metals 
SWANSEA 


“ Production and Manipulation of Titanium,” by D. E. 


Yeomans. South Wales Local Section. Metallurgy Depart- 
ment, ge peed College, Singleton Park, Swansea. Tues., 
Oct. 12, 6.45 p.m. 
Institute of Road Transport Engineers 
BIRMINGHAM 
“ Carburation,” by L. J. Spencer. Midlands Centre. Crown 


Inn, Broad-street, Birmingham. Tues., Oct. 12, 7.30 p.m. 
BRISTOL 
“ Application of Rubber Bonding to Commercial Vehicles,” 


by A. J. Hirst. Western Centre. Grand Hotel, Bristol. 
aa . 12, 7.30 p.m. 
CARDIF 


a an and Greases for Road-Transport Vehicles,” by 
Dr. E. M. Dodds. South Wales Group. South Wales 
| of Engineers, Park-place, Cardiff. Thurs., Oct. 14, 
p.m. 
MANCHESTER 
“ Modern Motor Oils,” by F. Howard. North-West Centre. 
x pend Club, Albert-square, Manchester. Mon., Oct. 11, 
-30 p.m. 


oa Institution of British Agricultural Engineers 
NDON 
“ Legislation Affecting the Use of Agricultural Tractors,” 


by F. L. Sabatini, Institution of Electrical Engineers, Savoy- 
place, Victoria-embankment, W.C:2. Tues., Oct. 12, 2.15 p.m. 


Institution of Chemical Engineers 
LONDON 
“ Pre-Design Estimation of the Capital Cost of Chemical 
Plant,” by R. Edgeworth Johnstone. Royal Institution, 
Albemarle-street, W.1. Thurs., Oct. 14, 5.30 p.m. 
BIRMINGHAM 
“Transport, Storage and General Handling of Soda Ash,” 
and “ Transport, Storage and General Handling of Caustic 
Soda,” by N. L. Evans; and “‘ Handling Common Chemicals: 
Benzene, Sahoo and Xylene,” by I. M. Smallwood. Midlands 
Branch. The University, Edmund-street, Birmingham. Sat., 
Oct. 16, 3° p.m 


Institution of Civil Engineers 
LONDON 


* The Design and Construction of the Handling and Treatment 

System for Liquid Radio-Active Wastes,” by W. L. Wilson; 

and “‘ Operational Experiences with a Handling and Treatment 

System for Liquid Radio-Active Wastes,” by R. H. Burns. 
“a Health Division. Tues., Oct. 12, 5.30 p.m. 


Chairman’s Address, by J. G. Taylor. Hull and East Riding 
Branch. Offices of the He peg Electricity Board, Ferensway, 
Hull. Wed., Oct. 13, 6.15 p.m. 


Institution of Electrical Engineers 
LONDON 
Chairman’s address on “‘ The History of the Institution,” by 
C. Cubitt. London Students’ Section. Mon., Oct. 11, 
6.30 p.m. 
Discussion on “ The Teaching of the Subject of Electro- 
magnetism,” to be opened by Dr. K. J. R. Wilson. Education 
Discussion Circle. Tues., Oct. 12, 6 


LL 
“Fluorescent Discharge-Tube Circuits and Operating Prob- 
lems,”’ by J. Cates. North Midland Centre. Offices of the 
Yorkshire Electricity Board, Ferensway, Hull. Thurs., 
Oct. 14, 7.15 p.m. 
LIVERPOOL 
“Cables: Some Post-War Trends.” Chairman’s Address, 
by P. R. Dunn. Mersey and North Wales Centre. Liverpool 
e50'p Institution, Colquitt-street, Liverpool. Mon., Oct. 11, 
‘ .m. 
LOUGHBOROUGH 
Annual General Meeting. Chairman’s Address, by Dr. J. H. 
Mitchell. East Midland Centre. Loughborough College, 
Las. aan ™ — 12, 6.30 p.m. 
NEWCASTLE-UPON-T 
Chairman s Address, by NE. W. B. Mitchell. 
Centre. 


North-Eastern 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
Oct. 11, 6.15 p.m. 


N 
“ Electric Lifts in Post-War Housing,” 
— Centre. The University, 
Oct. 13, 6.30 p.m. 


Institution of Mechanical Engineers 
LONDON 
— Address, by Dr. R. W. Bailey. Fri., Oct. 15, 


2 .m. 
BRISTOL 
“* A Novel System of Steel Ring Production,” by R. C. Cross. 
Western Graduates Section. Grand Hotel, Bristol. Wed., 
Oct. 13, 7.15 p.m. 
COVENTRY 
“Pumps,” by E. H. Warne. Midland Graduates’ Section. 
Craven Arms Hotel, Coventry. Wed., Oct. 13, 7.30 p.m. 
LINCOLN 
“The Accountancy Service to Works Management,” by 


by C. G. L. Morley. 
Southampton. Wed., 


C. E. Power. East Midlands Branch. Technical College, 
Lincoln. Wed., Oct. 13, 7.30 p.m. 
MAIDSTONE 


‘** The History of the Six-Wheeler,”’ by C. E. Burton. Southern 
Branch. Maidstone Technical College, Maidstone. Wed., 
Oct. 13, 7 p.m. 


Institution of Production Engineers 
BIRMINGHAM 


“ Lighting and Productivity,” by J. F. Roper. Birmingham 
Graduate Section. James Watt ge gi pee. reat 
Charles-street, Birmingham, 3. Tues., Oct. 12, 7 p.m. 


BLACKBURN 
“ The Value of Work Study to Industry,” by W. H. Hodgetts. 
Preston Section. Crown Hotel, Market-place, Blackburn. 
Wed., Oct. 13, 7.15 p.m. 
CHATHAM 
“Design for Arc Welding,” by S. M. Reisser. Rochester 
Section. Sun Hotel, Chatham. Thurs., Oct. 14, 7.30 p.m. 
CHELMSFORD 
“New Developments in Work Study,” by A. W. H. Walker. 
South Essex Section. _Mid-Essex Technical College, Chelms- 
ford, Wed., Oct. 13, 7.30 p.m. 


The address and telephone number of the headquarters of each institution are given below. 
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COVENTRY 
“Some Interesting Set-ups on Modern Machine Tools,” by 
R. C. Fenton. Coventry Graduate Section. Hare and 
Squirrel Hotel, Cow-lane, Coventry. Tues., Oct. 12, 7.15 p.m. 

DONCASTER : 
“Production Methods in Railway Workshops,” by T. B. 
a Doncaster Section. Danum Hotel, Doncaster. 

Tues., Oct. 12, 7 p.m. 

LEICESTER 
“On Being a Production Engineer,” 
J. C. Routledge. Leicester Section. 
Thurs., Oct. 14, 7 p.m. 


(e) 
“ Titanium,” by P. L. Teed. 


Chairman’s Address, by 
Bell Hotel, Leicester. 


ont — The Univer- 
sity, Southampton. Wed., Oct. 13, 7 
Institution of Structural asics 


LEEDS 
Chairman’s Address, by Leslie Preston. bw ane Branch. 
Great Northern Hotel, Leeds. Wed., Oct. 13, 6.30 p.m. 

LIVERPOOL 
Chairman’s Address, by W. D. Blades. 
Cheshire Branch. Walker Art Gallery, 
Oct. 15, 7.15 p.m. 

MIDDLESBROUGH 
“Some Reflections on a Designer’s Progress.”” Chairman's 
Address, by W. G. Gentry. Northern Counties Branch. Cleve- 
land Scientific and Technical Institution, Middlesbrough. 
Tues., Oct. 12, 6.30 p.m. 


Junior Instituti: f Engineers 
LONDON —— vasa os 


ei Ors Relating to “er ys ‘“ucuaee Bearings,” 
F, Shotter. Fri., Oct. 7 p.m. 
SHEFFIELD 


a ean Construction.” Chairman’s Address, by F. Golds- 
brough. Annual General Meeting. Sheffield Section. Live- 
sey Clegg House, Sheffield. Mon., Oct. 11, 7.30 p.m. 


Liverpool Metallurgical Society 
LIVERPOOL 
Chairman’s Address, by G. T. Callis. Liverpool Engineering 
Society, 9 The Temple, 24 Dale-street, Liverpool. Thurs., 
Oct. 14, 7 p.m. 


Manchester Association of rs 
MANCHESTER aypen 
“Metals: Their Use and Testing,” by L. E. Benson. Engi- 
— Club, Albert-square, Manchester, 2. Fri., Oct. 15, 
.45 p.m. 


Manchester Metallurgical Society 
MANCHESTER 
Presidential Address by J. D. Hannah. Central Library, 
Manchester. Wed., Oct. 13, 6.30 p.m. 


Newcomen Society 


Lancashire and 
Liverpool. Fri., 


LONDON 
** New Light on ae Turret ames ” by R. P. Howgrave- 
Graham. Wed., Oct. 13, 5.30 p.m 


North East Coast Institution of Engineers and 
Shipbuilders 
NEWCASTLE-UPON-TYNE 
Presidential Address, by P. Jones. Literary and Philo- 
sophical Society’s Lecture td Newcastle-upon-Tyne. Fri., 
Oct. 15, 6.15 p.m. 


Reinforced Concrete Association 
EDINBURGH 
Film Evening and Inauguration of the new Scottish Branch 
by the President of the Association. North British Hotel, 
Edinburgh. Tues., Oct. 12. 6.30 p.m. 


Royal Microscopical Society 
LONDON 


“A Contribution to Microscope Design,” by Dr. 
McArthur. Wed., Oct. 20, 5.30 p.m. 


Royal Statistical Society 
GLASGOW 


“* Developments in Operational Research: A General Survey.” 
Chairman’s Address, by John C. Eaton. Glasgow Industrial 
Applications Group. Institution of Engineers and Shi 
builders in —. a Elmbank-crescent, Glasgow, C.2. 
Tues., an 12, 7.30 p 

LEICES 
— , Leicester Industrial Applications Group. 
Leicester — = Technology, The Newarke, Leicester. 
Thurs., Oct. 

NEWCASTLE-UPONCTYNE 
“The Development of a Statistical Investigation,” by D. J. 
Desmond. North-Eastern Industrial Applications Group. 
King’s College, Newcastle-upon-Tyne. ed., Oct. 13, 7 p.m. 


Sheffield Metallurgical Association 
SHEFFIELD 
Discussion on “‘ Design of Open-Hearth Furnaces,” B.I.S.R.A. 
Laboratories, Hoyle-street, Sheffield, 3. Tues., Oct. 12, 7 p.m. 


Meetings 


J. N. 


in the headquarters town are held there unless otherwise stated. Particulars for this column should 
reach the Editor not later than Monday morning in the week preceding the date of the meeting. 


Aslib, 4 Palace-gate, London, W.8. (WEStern 6321.) 

Association of Supervising Electrical Engineers, 23 Bloomsbury- 
square, London, W.C.1. (LANgham 5927.) 

British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. (MUSeum 1901.) 

Chemical ty Burlington House, Piccadilly, London, W.1. 
(REGent 0675.) 

Illuminating Engineering Society, 32 Victoria-street, London, 
S.W.1 Bey 5215.) 

Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of British Foundrymen, St. John Street Chambers, 
Deansgate, Manchester, 3. (Blackfriars 6178.) 

Institute of Fuel, 18 Devonshire-street, London, W.1. (LANgham 


7124. 

Institute of Marine Engineers, 85 The Minories, London, E.C.3. 
(ROYal 8493.) 

Institute of Metals, 4 Grosvenor-gardens, London, S.W.1. 
(SLOane 6233.) 

Institute of Road Transport Engineers, 69 Victoria-street, 
London, S.W.1. (ABBey 6248.) 

Institution of British Agricultural Engineers, 24 Portland-place, 
London, W.1. (LANgham 3394.) 

Institution of Chemical’ Engineers, 56 Victoria-street, London, 
S.W.1. (VICtoria 6161.) 

Institution of Civil Engineers, Great George-street, London, 

Ss (WHitehall 4577,) 


VV de 


Institution of Electrical Engineers, Savoy-place, Victoria-embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 

Institution of Mechanical Engineers, 1 Birdcage-walk, St. James’s 
Park, London, S.W.1. (WHItehall 7476.) 

Institution of Production Engineers, 10 Chesterfield-street, 

ndon, W.1. (GROsvenor 5254.) 

Institution of Structural —— 11 Upper Belgrave-street, 
London, S.W.1. (SLOane 7128.) 

Junior Institution of Engineers, Pepys House, 14 Rochester-row, 
London, S.W.1. (VICtoria 0786. 

Liverpool Metallurgical Society, 3s Tudorville-road, Bebington, 
Cheshire. (Rock Ferry 4878.) 

Manchester Association of Engineers, 20 Booth-street, Man- 
chester, 2. (Central 2796.) 

Manchester Metallurgical Society, The Kennedy Press, Ltd., 31 
King-street West, Manchester, 3. 

Newcomen Society, Science Museum, 
London, S.W.7. (KENsington 1793.) 

North East Coast Institution of Engineers and Shi aie 
Bolbec Hall, Newcastle-upon-Tyne, 1. (Newcastle je 20289 

Reinforced Concrete Association, 94-98 Petty France, pan 
S.W.1. (ABBey 4504.) 

Royal Rileponsnpioal Society, Tavistock House South, Tavistock- 
square, London, W.C.1. (EUSton 2048.) 

ROE | — 21 Bentinck-street, London, W.1. 


South Kensington, 


snofield Metallurgical Association, 15 Crescent-road, Sheffield, 7. 
(Sheffield 53674.) 
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Labour Notes 


SAFETY FOOTWEAR FOR 
FOUNDRY EMPLOYEES 


The fact that foundry employees are exposed 
to the risk of two types of foot injuries, the 
first involving severe burns from molten metal 
entering through lace holes or down the gaps 
round the ankle left by loose-fitting shoes, and 
the second the risk of fracturing one or more toes 
through a heavy casting dropping on to the feet, 
is stressed in an article which appears in the 
current issue of the Journal of the Amalgamated 
Union of Foundry Workers. The article draws 
attention to a ‘“ National Industrial Foot 
Safety Week,” to be held from October 25 to 30, 
under the auspices of the Royal Society for the 
Prevention of Accidents. It appears that the 
idea of buying a pair of boots or shoes specially 
for work appeals to very few persons in industry. 
As a result, over 28,000 operatives were absent 
from work for periods of three days, or more, 
during 1952, on account of injuries to their feet. 

To help all employees in foundries against 
these dangers an industrial agreement was 
reached in April of this year between employers 
and the trade unions concerned, whereby the 
former undertook to make available, at cost 
price, suitable safety boots of a type approved 
by H.M. Chief Inspector of Factories, for the 
personal use of foundry employees. Methods 
of payment for these boots are arranged to 
suit the convenience of each individual foundry 
and many of them are on a hire-purchase system. 


COLLIERY MAN-POWER AND 
PRODUCTIVITY 


Official figures issued by the Ministry of Fuel 
and Power show that during the first 38 weeks 
of the present year, 153,895,300 tons of deep- 
mined, and 7,882,100 tons of open-cast coal, 
making a total of 161,777,400 tons, were pro- 
duced, compared with 151,974,200 tons and 
8,600,500 tons, respectively, making a total of 
160,574,700 tons in the corresponding period 
of last year. The number of men on the colliery 
books during the year, from January 1 to 
September 19, averaged 708,200 weekly, of 
whom 290,900 were face workers ; the average 
weekly shifts worked per wage earner were 4:64. 
Corresponding figures for 1953 were 715,600 
total employees, 293,200 face workers and 4-58 
shifts. The average output per manshift was 
1-227 tons this year, against 1-217 tons last year, 
and, at the face, 3-250 tons this year compared 
with 3-205 tons in 1953. The voluntary absence 
percentage this year to date, was 3-97, showing 
a considerable improvement on last year, when 
it was 4:36. The involuntary absence percen- 
tage remained practically stationary, it being 
8-19 this year and 8-18 last year. 


INDUSTRIAL REHABILITATION 


During the four weeks ended August 16, the 
persons admitted to courses at the Industrial 
Rehabilitation Units operated by the Ministry 
of Labour and National Service, numbered 
661 men and 100 women, making a total of 
761. The persons in attendance at courses on 
August 16, totalled 1,457, comprising 1,257 
men and 206 women. During the period under 
review 695 persons completed courses, namely 
613 men and 82 women. From the starting of 
these Units by the Ministry and up till August 
16, the total number of persons admitted to 
industrial rehabilitation courses has been 53,644. 


FATAL INDUSTRIAL ACCIDENTS 


The number of workpeople, other than seamen, 
in the United Kingdom whose deaths from 


accidents in the course of their employment 
were reported officially in August was 87, 
compared with 96 in the previous month and 
110 in August, 1953, In the case of seamen 
employed in ships registered in the United 
Kingdom, 6 fatal accidents were reported in 
August, against 4 in the previous month and 2 
in August, 1953. The highest number of 
fatalities, namely 30, occurred in mines and 
quarries, 25 of the victims being underground 
coal miners. Twelve persons in the railway 
service lost their lives during the month; of these 
3 were porters and 3 labourers, and two were 
permanent-way men and two passenger guards. 
One engine driver and a member of a class termed 
“‘ other grades,” were also killed on duty. Under 
the heading building operations, 10 fatal accidents 
occurred, and 6 in shipbuilding and 5 at chemical, 
oil and soap works. Four men lost their lives 
in ‘metal conversion and founding (including 
rolling mills and tube making)” and four also 
in factories producing food and drink. Three 
fatalities occurred in the paper and printing 
industry and two each in metal extracting and 
refining works, general woodwork and furniture 
factories, gasworks and “‘ works of engineering 
construction.” Single fatal accidents occurred, 
during the month, in clay and pottery factories; 
engineering works; railway-carriage, motor- 
vehicle, and aircraft building shops; factories 
producing wool and worsted materials, and 
electricity-stations, 


WORKING HOURS AND EARNINGS 
IN GERMANY 


Surveys of the earnings and working hours of 
employees, conducted in various overseas coun- 
tries by Government offices, are summarised in 
a series of interesting articles appearing in the 
current issue of the Ministry of Labour Gazette. 
The result of a recent quarterly survey carried out 
in the German Federal Republic show that the 
average weekly hours of hard-coal miners are 
47-1 and their average weekly earnings, 101-15 
marks, this figure including the value of the free 
coal supplied. Employees in iron and steel 
plants work 50-1 hours a week and receive 
105-42 marks. Corresponding figures for per- 
sons employed in foundries are 49-3 hours and 
97-34 marks and in metal-working industries 
49-4 hours and 91:94 marks. Other highly-paid 
employees are book printers whose average 
week is 51-4 hours and who earn 106-35 marks 
and “ flat’ printers who work 52-8 hours and 
earn 103-64 marks. The lowest-paid operatives 
appear to be those engaged in sawmills who 
work an average of 47-2 hours a week to earn 
64-88 marks. The earnings quoted are gross 
sums, before deductions on account of taxes 
and other dues. A total of 4,862,852 persons, 
comprising 3,605,335 men and 1,257,517 women, 
were employed in the industries covered by the 
survey. 


EARNINGS IN SWITZERLAND AND 
THE UNITED STATES 


An annual inquiry into the earnings of manual 
and non-manual employees in industrial and 
commercial undertakings in Switzerland, carried 
out by the Swiss Federal Office for Industry, 
Arts and Handicrafts, and Labour, indicates 
that the average hourly earnings during a week 
in October, 1953, were 3-11 Swiss francs for 
skilled men, 2-58 francs for semi-skilled and 
unskilled men, 1-83 francs for women, 1-52 
francs for youths and boys, and 1-40 francs for 
girls. The average monthly salaries of non- 
manual employees in October, 1953, were 821 
Swiss francs for men and 501 francs for women. 

A survey made by the U.S. Bureau of Labor 
Statistics betwéen September, 1953, and Feb- 
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ruary, 1954, in 20 important machinery-pro- 
duction areas, including Chicago, Detroit 
Los Angeles and New York, indicated that the 
average hourly earnings for normal working 
time varied between fairly wide limits in different 
localities. Thus, the hourly rate for machine- 
tool operators in the toolroom ranged from 
1°83 to 2-44 dols, for tool and die makers in 
jobbing shops from 2-11 to 2-97 dols., for 
skilled hand welders from 1-76 to 2°36 dols., 
for skilled grinding-machine operators from 
1-86 to 2-68 dols., and for skilled milling- 
machine operators from 1-87 to 2°64 dols. 
The rate for labourers varied from 1-17 to 
1-83 dols. per hour, 


NEW LONDON DOCK STRIKE 
CONDEMNED 


Several thousand London dockers withdrew 
their labour on Monday as the result of a decision 
by the executive committee of the National 
Amalgamated Stevedores and Dockers to call a 
strike of members of the union. This decision 
was subsequently approved at a mass meeting 
of about 1,200 London dockers last Saturday. 

The trouble seems to have originated with 
an unofficial strike which was begun at the Royal 
group of docks earlier last week over arrange- 
ments for sorting meat. A new agreement was 
recently entered into between the port employers 
and the Transport and General Workers’ Union, 
to which the majority of dock employees 
throughout the country belong. The terms of 
this agreement provide for higher rates of pay, 
and the employment of larger gangs of men, 
when meat sorting is being undertaken, in order 
that no docker need lose piece-rate payments 
owing to the sorting causing delays in unloading. 

It was understood that the port employers 
were willing to enter into similar arrangements 
with the National Amalgamated Stevedores and 
Dockers, but that union insisted that other 
outstanding problems, such as higher piece-rate 
earnings and increased wages for tally clerks 
should be given prior consideration. 

As recently as last Saturday, the employers 
are stated to have reaffirmed their readiness to 
discuss with the N.A.S.D. meat sorting, overtime 
and any other matter desired by the union, as 
soon as the union’s ban on overtime, introduced 
in January last, is withdrawn. 

The employers’ attitude was deemed unreason- 
able and the union decided toresort to strike 
action as a protest. 

Mr. Arthur Deakin, the general secretary of 
the Transport and General Workers’ Union, 
roundly condemned the strike as ‘‘a reckless 
attempt to involve the ports of this country in 
chaos,” and said that his union would not 
support the stoppage. 


SHIP-REPAIRERS’ STRIKE CONTINUED 


Altogether, some eight thousand ship-repair 
operatives were understood to be involved 
earlier this week in the unofficial strike, which 
arose nearly three weeks ago over a redundancy 
question. All the men concerned are members 
of unions affiliated to the Confederation of 
Shipbuilding and Engineering Unions. 

The London committee of the Confederation 
passed a resolution on September 30, asking 
that the strike should be made official. Although 
none of the unions connected with the Confedera- 
tion has so far recognised the strike, the whole 
question of the stoppage was due to be discussed 
at yesterday’s meeting of the Confederation’s 
executive council at York. 

The difficulty began when five members of the 
Electrical Trades’ Union were discharged. It 
was claimed that their dismissal was a breach of 
** last in, first out ’”’ agreements. 





